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"I  FURTHERMORE  AGREE  TO  PROMOTE  THE 

OBJECTS  OF  THE  SOCIETY  AS  FAR  AS 

SHALL  BE  IN  MY  POWER" 

The  above  is  an  extract  from  the  agreement  signed  by 
every  member  npon  acceptance  of  membership  in  the 
Society. 

In  a  httle  over  one  year  the  Committee  on  Increase  of 
Membership  has,  with  the  assistance  of  about  15  per 
cent  of  the  members,  increased  the  number  of  members  by 
over  25  per  cent,  and  yet  engineers  of  highest  attainment 
only  were  invited.  At  the  Spring  Meeting  the  total 
membership  will  be  over  five  thousand.  But  "'ihc  Society 
of  the  industries, ''  with  its  broad  field,  should  have  a  mem- 
bership of  at  least  ten  thousand  among  the  influential 
men  in  the  several  industries.  The  solution  of  how  to 
obtain  "the  other  half"  is  simple  if  the  members  will 
respond  to  this  announcement  as  they  should.  If  every 
member  will  secure  the  membership  of  the  most  eminent 
engineer  of  his  acquaintance  not  already  a  member,  the 
object  will  be  accomplished.  But  as  it  would  scarcely  be 
possible  that  every  member  could  do  this,  we  ask  that  all 
who  can  send  a  list  of  those  he  deems  qualified  to  meet 
the  strict  requirements  of  membership. 

If  the  members  will  submit  for  Members  grade  lists  of 
quahfied  engineers  and  for  Associate  grade  those  compe- 
tent to  cooperate  with  engineers  in  the  advancement  of 
professional  knowledge,  the  Committee  will  be  pleased  to 
take  up  the  matter  at  that  point  and  supply  those  who 
are  suggested  with  complete  information. 

COMMITTEE    ON  INCREASE    OF    MEMBERSHIP 
I.  E.  MouLTROP,  Chairmen 
H.  v.  O.  CoEs  R.  M.  Dixon  E.  B.  Ivatte 

F.  H.  CoLviN  W.  R.  Dunn  R.  B.  Sheridan 

J.  v.  V.  CoLWELL         J.  P.  Ilsley  H.  Struckmann 

Chairmen  of  Suh-Commiltees 

Boston,  A.  L.  Williston  New  York,  J.  A.  Kinkead 

Buffalo,  W.  H.  Carrier  Philadelphia,.!:.  V.  McBride 

Chicago,  Fay  Woodmansee  Si.  Louis,  John  Hunter 

Cincinnati,  J.  T.  Faig  Si.  Paul,  Max  Toltz 

Cleveland,  R.  B.  Sheridan  San  Francisco,  Thos.  Morrin 

Michigan,  H.  W.  Alden  Seattle,  R.  M.  Dyer 


COMING  MEETINGS  OF  THE  SOCIETY 

May  !20-'^23,  Baltimore,  Md.,  Spring  Meeting.  Head- 
quarters, Hotel  Belvedere.     See  Program  on  page  3. 

June  21 — July  8,  Joint  Meeting  with  Verein  deutscher 
Ingenieure,  Leipzig,  and  various  industrial  cities  of 
Germany.    See  page  7  for  Tentative  Program. 
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The  Society  wishes  to  secure  copies  of  the  following  issues  of 
The  Journal:  August  1911,  September  1911,  October  1911,  Janu- 
ary 1912.  These  will  be  purchased  at  25  cents  apiece,  provided 
they  are  in  good  condition. 

SPRING  MEETING 

The  program  for  the  Spring  Meeting  at  Baltimore,  May  20-23, 
is  published  in  this  number,  with  information  regarding  rail- 
road transportation.  The  headquarters  will  be  at  the  Hotel 
Belvedere  and  the  professional  sessions  and  various  social  func- 
tions will  both  be  held  there. 

The  Society  is  fortunate  in  visiting  Baltimore  at  a  time  when 
there  are  features  in  the  way  of  engineering  work  of  unusual 
interest.  The  high-pressure  fire  system  recently  completed  will 
be  shown  to  the  visitors  and  a  demonstration  given  of  its  pos- 
sibilities in  throwing  large  volumes  of  water.  One  of  the  impor- 
tant excursions  will  be  over  the  Jones  Falls  conduits  to  inspect 
the  newly  completed  sewage  system  and  the  sewage  disposal 
plant  at  Back  River,  which  is  believed  to  be  the  largest  and  one 
of  the  most  modern  in  the  world.  These  engineering  features, 
in  addition  to  the  natural  attractions  of  the  city,  the  opportunity 
for  a  sail  in  the  harbor  and  for  an  all- day  excursion  to  Annapo- 
lis, promise  an  occasion  of  rare  enjoyment. 

In  accordance  with  the  policy  recently  adopted  by  the  Society, 
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the  visiting  members  will  share  in  the  expense  of  the  entertain- 
ment to  the  extent  of  paying  for  their  fares,  luncheons,  and  simi- 
lar expenditures,  rather  than  burdening  local  members  with  the 
necessity  of  raising  funds  for  these  purposes. 

HOTEL   RESERVATIONS 

As  it  is  confidently  expected  that  there  will  be  a  large  attend- 
ance at  the  meeting,  it  is  very  urgent  that  members  should  make 
their  hotel  reservations  early.  At  this  time  of  year  there  are  al- 
ways many  visitors  in  Baltimore  and  accommodations  are  apt  to 
be  in  demand.  These  reservations  must  be  made  personally  in 
every  instance,  direct  to  the  hotel. 

Besides  the  Belvedere,  accommodations  may  be  secured  in  the 
Stafford,  which  is  only  three  and  a  half  blocks  away  from  head- 
quarters, and  the  Hotel  Emerson,  requiring  an  eight-minule  ride 

on  the  trolley, 

PROGRAM 

Tuesday,  May  20 
Registration  at  Headquarters,  Hotel  Belvedere 

Tuesday  Evening 

Membership  Reunion  and  Informal  Reception 

Wednesday,  May  21 

Business  Meeting,  9.30  a.m. 

Business  meeting.  Report  of  tellers  of  election  of  members.  Announce- 
ment of  ballot  on  amendments  to  the  Constitution  relating  to  membership 
grades.    New  business  may  be  presented  at  this  session. 

Reports  of  special  committees  on  Myriawatt,  Involute  Gears,  Standard- 
ization of  Catalogues,  Code  of  Ethics  and  National  Museum 

Simultaneous  Sessions  following  Business  Meeting 
Professional  Session 
Test  of  a  Hydraulic  Buffer,  Carl  Schwartz 
The  Present  Condition  of  the  Patent  Law,  Edwin  J.  Prindle 
Shading  in  Mechanical  Drawing,  Theodore  W.  Johnson 
Cost  of  Upkeep  of  Horse-Drawn  Vehicles  against  Electric  Vehicles, 
W.  R.  Metz 

Gas  Power  Session 
Business  meeting 

Present  Operation  of  Gas  Engines  using  Bi.ast-Furnace  Gas  as  Fuel, 
Charles  C.  Sampson 

Wednesday  Afternoon 

Demonstration  of  the  high-pressure  fii'e  system  at  City  Ilail  Plazn,  and 
inspection  of  i)umping  station,  followed  by  a  sail  about  the  harbor  to 
Inspect  the  water  front,  shipping  facilities,  and  other  features  of  Interest 
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Wc(InC''idaij  Evening 
Lecture,   illustrated  by  liyiterii  views:   Around  the  World  in   Eighty 
Minutes,  by  Hon.  O.  P.  Austin,  Secretary,  National  Geographic  Society 

Thursday,  May  22 
Fire  Protection  Session,  9.30  a.m. 
The  Baltimore  High-Pressure  Fire  Service,  James  B.  Scott 
National  Standard  Hose  Couplings  and  Hydrant  Fittings  for  Public 
Fire  Service,  F.  M.  Griswokl 

Debarment  of  City  Conflagrations,  Albert  Blauvelt 
Allowable  Height  and  Area  in  Factory  Buildings,  Ira  H.  Woolson 
The  Protection  of  Main  Belt  Drives  with  Fire  Retardant  Partitions, 
C.  H.  Smith 

The  Life  Hazard  in  Crowded  Buildings  due  to  Inadequate  Exits, 
II.  F.  J.  Porter 

Th  ursthiij  AftcrnDon 

Inspection  of  sewage  pumping  plant,  Jones  Falls'  conduits,  and  trip  by 
trolley  to  sewage  disposal  plant  at  Back  River 

Automobile  trip  fur  ladies,  aix^ut  the  city  and  suliurbs,  with  tea  served 
at  the  Country  Club 

Thursday  Evening 

Reception  and  dance.  The  Society  will  be  the  guest  of  the  Engineers 
Club  of  Baltimore  on  this  occasion 

Friday,  May  23 

All  day  excursion  to  Annapolis,  the  capitol  of  Maryland,  and  to  the  U.  S. 
Naval  Academy,  with  a  reception  by  Governor  Goldsborough  at  the  State 
House.  After  the  reception  the  party  will  proceed  to  the  Assembly  Cham- 
ber where  Admiral  H.  I.  Cone,  engineer-in-chief  of  the  Bureau  of  Steam 
Engineering.  U.  S.  N.,  wall  deliver  an  address  upon  the  United  States  Ex- 
perimental Station  at  Annapolis. 

Luncheon  will  be  served  at  the  Carvel  House.  In  the  afternoon,  there 
will  be  a  band  concert  by  the  Naval  Academy  Band,  and  a  dress  parade  at 
G  o'clock,  which  may  be  witnessed  by  those  finding  it  convenient  to  remain. 
It  is  expected  that  there  wull  be  hydroaeroplane  flights  by  officers  and  men 
of  the  aviation  school,  and  evolutions  of  the  submarine  boats  stationed  at 
Annapolis. 

RAILROAD  TRANSPORTATION  NOTICE 

Special  concessions  have  been  secured  for  members  and  guests  attending 
the  Spring  Meeting  in  Baltimore,  May  20-23,  1913. 

The  special  rate  of  a  fare  and  three-fifths  for  the  round  trip,  on  the 
certificate  plan,  is  granted  wdien  the  regular  fare  is  75  cents  and  upwards, 
from  territory  specified  below. 

a    Buy  your  ticket  at  full  fare  for  the  going  journey,  between  May 
16-22  inclusive.     At  the  same  time  request  a  certificate,  not  a  re- 
ceipt.   This  ticket  and  certificate  should  be  secured  at  least  half 
an  hour  before  the  departure  of  the  train, 
b     Certificates  are  not  kept  at  all  stations.     Ask  your  station  agent 
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whether  he  has  certificates  aud  through  ticliets.  If  not,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained.  Buy  a 
local  ticket  to  that  iioinl,  and  there  yet  your  certificate  and 
through  ticket. 

c  On  arrival  at  the  meeting,  present  your  certificate  at  the  registra- 
tion desk.  A  fee  of  25  cents  will  he  collected  for  each  certificate 
validated.     No  certificate  can  be  validated  after  May  23. 

d  An  agent  of  the  Trunlv  Line  Association  will  validate  certificates. 
May  21  and  22.  No  refund  of  fare  will  be  made  on  account  of 
failure  to  have  certificate  validated. 

e  One  hundred  certificates  and  round  trip  tickets  must  be  presented 
for  validation  before  the  plan  is  operative.  This  makes  it  impor- 
tant to  show  the  i-eturn  ixirtion  of  your  round  tri])  ticket  at 
Headquarters. 

/     If  certificate  is  validated,  a  return  ticket  lo  destination  can  he  [tur- 
chased,  up  to  May  27,  on  the  same  route  over  which  the  purchaser 
came,  at  three-lifths  the  rate. 
The  special  rate  is  granted  only  for  the  following: 
The  Trunlv  Line  Association  including: 

AH  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca  ;  all  of  Pennsyl- 
vania east  of  the  Ohio  River;  all  of  Now  .Jersey,  Delaware  and  Maryland;  also  that 
portion  of  West  Virginia  and  Virginia  north  of  a  line  running  through  Huntington, 
Charleston,  White  Sulphur  Springs,  Charlottesville  and  Washington,  D.  C. 

The  New  England  Passenger  Association  (except  via  Bangor  and  Aroo- 
stook R.  R.  and  Eastern  Steamship  Co.),  including: 

Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island  and  Connecticut, 
and  that  portion  of  New  York  east  of  a  line  running  through  Poughkeepsie  and  Troy. 

MEETING  IN  GERMANY  1913 

The  official  party  for  the  trip  to  Germany,  June  21-July  8,  is  now 
almost  complete,  all  the  ladies'  reservations  having  been  made  and 
nearly  all  the  members'  reservations  being  taken.  Committees  have 
been  appointed  to  care  for  various  details  in  connection  with  the 
trip  and  plans  are  going  forward  smoothly. 

Invitations  have  been  received  from  a  number  of  cities  and  firms 
which  will  make  it  possible  for  members  who  may  so  desire  to  extend 
their  trip  through  Germany  beyond  the  time  scheduled  on  the 
official  program.  Among  these  arc  the  city  of  Aachen,  of  historical 
as  well  as  industrial  interest,  with  its  technical  school  and  seis- 
mological  station,  metallurgical  works,  and  textile  and  needle  manu- 
factures; the  city  of  Freiburg-im-Breisgau,  a  trading  center  for  the 
Black  Forest,  having  considerable  manufactures  and  a  fine  catlu^dral 
and  university;  and  also  the  Prussian  city  of  Breslau,  one  of  Ger- 
many's chief  commercial  centers,  containing  numerous  points  of 
general  interest.  The  Actiengesellschaft  Ferrum  of  Zawodzie  bei 
Kattowitz  liav(^  also  offered  their  hospitality. 
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Attention  is  called  to  the  fact  that  it  is  expected  that  the  ladies  will 
participate  in  all  the  excursions  in  Hamburg,  particularly  the  in- 
spection of  the  port,  shipbuilding  yard,  and  Elbe  tunnel.  On  the 
afternoon  of  Saturday,  June  21,  arrangements  will  be  made  for  the 
ladies  to  visit  the  famous  Hagenbeck  Zoological  Gardens  in  Stel- 
lingen  near  Hamburg.  This  is  an  addition  to  program  as  previously 
announced  and  as  given  herewith. 

TENTATIVE  PROGRAM 

NEW  YORK 

Tuesday,  June  10 

10.00  a.  m.  The  party  sails  on  the  Hamburg-American  S.  S.  Victoria  Luise 
(remodeled  "Deutschland")  from  Hoboken.  It  will  be  advisable  for  members 
of  the  party  to  reach  New  York  not  later  than  June  9. 

Representatives  of  the  Verein  deutscher  Ingenieure  will  come  on  board  at 
Cherbourg  to  receive  the  visitors. 

HAMBURG 

Thursday,  June  19 
Arrival  in  Hamburg. 

Friday,  June  20 
11.00  a.  m.     Address:  The  Hamburg  Harbor 
11.00  a.  m.  to  1.00  p.  m.     Trip  around  the  harbor 

5.30  p.  m.     Reception  in  the  Municipal  Hall  by  the  Senate  of  the  city  and  by 
the  Hamburg  Section  of  the  Verein  deutscher  Ingenieure 

Saturday,  June  21 
10.00  a.  m.     Excursions 

Group  1 :  Inspection  of  the  Elbe  tunnel  and  visit  to  the  shipyards 

of  Blohm  and  Voss 
Group  2:  Visit  to  the  Vulcan  yards  and  inspection  of  the  Elbe 
tunnel 

Sunday,  June  22 
10.00  a.  m.     Departure  for  Leipzig 

LEIPZIG 

Sunday,  June  22 
4.30  p.  m.     Arrival  in  Leipzig 
8.00  p.  m.     Reception  in  the  Crystal  Palace 

Monday,  June  23 

10.00  a.  m.     Formal  meeting  in  the  Mimicipal  Hall 
5.00  p.  m.     Concert  under  the  direction  of  Mr.  Arthur  Nikisch  in  the  Gewand- 

haus 
7.30  p.  m.     Formal  dinner  in  Central  I'heater 
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Itinerary  of  Official  Tour  in  Germany 
Tuesday,  June  24 

9.30  a.  m.  Scientific  Lectures  in  the  lecture  room  of  the  Architectural  Exhi- 
bit-ion 

4.30  p.  in.  Inspection  of  the  Monument  of  the  Battle  of  Nations  in  com- 
memoration of  100th  anniversary  of  the  battle  of  Leipzig,  1813 

8.00  p.  m.     Festival  in  the  Palm  Garden 

Wednesday,  June  25 
9.10  a.  m.     Departure  for  Dresden 

DRESDEN 

Wednesday,  June  25 

11.00  a.  in.     Arrival  in  Dresden 

2.00  p.  m.     Gather  at  the  Belvedere;  automobile  trip  to  the  Saxon  Switzerland 
(Bastei),  walk  to  Rathen,  by  steamer  to  Pirna,  by  automobile  to 
Dresden 
8.30  p.  m.     Reception  in  the  ISlunicipal  Building,  tendered  by  the  city  of  Dres- 
den 

Thursday,  June  26 

9.30  a.  m.     Excursion  through  Dresden 

Grou])  3:  Machine  Laboratory  of  the  Technical  High  School 
Group  4:  Seidel  &  Naumann  Sewing  Machine  and  Bicycle  Fac- 
tory   . 
Group  5:  Picture  Gallery 
12.30  p.  m.     Lunch  in  the  Neustadt  railway  terminal 
2.00  p.  m.     Departure  for  Berlin 

BERLIN 

Thursday,  June  26 
5.00  p.  m.     Arrival  in  Berlin 
8.00  p.  m.     Reception  in  the  Reichstag  Building 

Friday,  June  27 

9.30  a.  m.     Excursions 

Group    6:  AUgemeine-Elektricitats  Gesellschaft 

Group    7:  Siemens-Schuckert  Works 

Group    8:  Bergmann  Electrical  Company 

Group    9:  Ludwig  Loewe  Company,  Machine  Tool  Factory 

Group  10:  A.  Borsig  Locomotive  Works  in  Berlin-Tegel 

Group  1 1 :  Ladies'  excursion  and  lunch 

8.00  p.  m.     Formal  dinner  in  the  Zoological  Garden 

Saturday,  June  28 

2.30  p.  m.     Automobile  trip  to  Potsdam  and  steamer  trip  on  the  Havel 
7.00  p.  m.     Entertainment  by  the  Berlin  Local  Section  in  Wannsee 

Sunday,  June  29 

8.00  a.  m.     Departure  for  DUsseldorf,  Rhine- Westphalia 
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DUSSELDORF 


Sunday,  June  29 

G.OO  p.  m.     Arrival  in  Di'isscldorf 

8.00  p.  m.     Reception  in  the  City  Hall  tendered  by  the  city  of  Dusseldorf 

Mondaij,  June  30 
9.00  a.  ni.     Excursions 

Group  12 :  Duisburg  works  of  the  German  Machine  Works  Com- 
pany (50  participants) 

Group  13:  Friedrich- Alfred  steel  plant  of  the  Friedr.  Ivrupp  Co. 
in  Rheinhausen  (75  participants) 

Group  14:  Machine  Works  of  Thyssen  &  Co.  in  Mulhheim  (Ruhr) 
(20  participants) 

Group  15:  Gutehoffnung  Steel  Plant,  Oberhauscn  Rheinland 
(40  participants) 

Group  16:  Rhein  Steel  Works,  Duisburg-Meidcrich  (50  par- 
ticipants) 

Group  17:  In  the  morning  the  ladies  inspect  the  city  of  Diissel- 
dorf,  and  in  the  evening  the  welfare  activities  of 
Friedr.  Krupp  Co.  in  Essen 

Group  IS:  Afternoon  inspection  of  the  Duisburg-Ruhrort  harbor 
by  the  members  of  groups  12  to  16,  as  well  as  others 
who  apply  for  it 

The  other  visitors  will  be  afforded  an  opportunity  to  see  the  city 

of  Diisseldorf 
S.OO  p.  m.     Banquet  in  the  city  concert  hall  of  Diisseldorf,  tendered  by  the 
Rhine-Westphahan  Section  of  the  Verein  deutscher  Ingenieure 

Tuesday,  July  1 
9.00  a.  m.     Excursions 

Group  19:  Haniel  &  Lueg,  Dusseldorf-Grafenberg  (50  par- 
ticipants) 

Group  20:  Ernst  Schiess  Company,  Dusseldorf  (50  participants) 

Group  21 :  German  Machine  Works  Company,  Benrath  plant, 
Bem-ath  (50  participants) 

Group  22:  Steel  Works  of  Becker  Companj',  Willich  b./Krefeld 
(75  participants) 

Group  23:  Trip  into  the  mountains;  inspection  of  the  Elberfeld 
Lift  railway,  Barmer  mountain  railway,  steel  plant  of 
Rich.  Lindeberg  Company,  Remscheid-Hasten  and 
the  Mungsten  Bridge 

Group  24:  The  ladies  will  inspect  some  installations  in  the  city 
of  Dusseldorf 
4.30  p.  m.     Departure  for  Cologne.    Members  of  Group  23  go  from  Remscheid 
direct  to  Cologne 
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COLOGNE 

Tuesday,  July  1 

5.30  p.  m.     Arrival  in  Cologne 

8.00  p.  m.  Informal  gathering  in  the  Zoological  Garden  of  Cologne  tendered 
by  the  Rhine-Westfalen  Board.  Trip  on  the  Rhine  with  illumina- 
tion of  the  city  and  cathedral 

Wednesday,  July  2 
9.00  a.  m.     Excm-sions 

Group  25:  Dye  Works,  formerly  Friedr.  Bayer  &  Co.,  Lever- 

kusen  (up  to  100  participants) 
Group  26:  Gas  Engine  Works,  Deutz,  Cologne-Deutz  (up  to  100 

participants) 
Group  27:  Machine  Works  Humboldt,  Colognc-Kalk  (up  to  100 

participants) 
Group  28:  The  ladies  inspect  the  cathedral  and  city 
8.00  p.  m.     Reception  in  Gurzenich  tendered  by  the  city  of  Cologne 

Thursday,  July  3 
8.00  a.  m.     Departui-e  by  rail  for  Coblenz;  thence  on  the  Rhine  by  steamer  to 
Riidcsheim,  where  there  will  be  a  festival  on  the  banks,  and  thence 
by  rail  to  Frankfort-on-Main 

FRANKFORT-ON-MAIN 
Thursday,  Jidy  3 
6.00  p.  m.     Arrival  in  Frankfort-on-Main 

8.00  p.  m.  Reception  in  the  Palm  Garden  by  the  Frankfort  Section  of  the 
Verein  deutscher  Ingenieure 

Friday,  July  4 
11.30  a.  m.     Welcome  by  the  city  in  Roemer.     Luncheon 
2.30  p.  m.     Excursions 

Group  29:  Eastern  port  and  gas  works 

Group  30:  Stockyards  and  gasholders 

Group  31 :  Refuse  destroyer  plant  and  filters 

Group  32 :  Inspection  of  the  old  city,  Goethe  house.  Historical 

Museum 
Group  33 :  Visit  to  Saalburg 
7.30  p.  ni.     Independence  Day  celebration  with  the  American  colony 

Saturday,  July  5 
10.30  a.  m.     Departure  for  Mannheim 

MANNHEIM 
Saturday,  July  5 
12.00  m.         Arrival;  lunch  in  the  Friedrichspark 
Excursions 
Group  34:  Machine  Works,  Heim-ich  Lanz 
Group  35:  Machine  Works,  Sulzer  Bros,  in  Ludwigshafen 
Group  36:  Brown-Bo veri  &  Co.,  electric  machinery 
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Group  37:  Cement  Works  in  Leinen  and  their  welfare  activities 
Group  38:  Benz  &  Co.     Rhine  Automobile  and  Motor  Works 

Company 
Group  39 :  Inspection  of  the  port  (steam  flour  mills  in  Ludwigs" 
hafen) 
8.00  p.  m.     Reception  of  welcome 

Sunday,  July  6 
11.00  a.m.     Departure  for  Heidelberg 

HEIDELBERG 

Sunday,  July  6 
12.00  m.         Arrival;  lunch  in  the  Stadtgarten,  inspection  of  the  Castle,  concert 

in  the  Castle  Restaurant 
6.00  p.  m.     Dinner  on  the  Molkenkur  tendered  by  the  Board  of  Reception 
10.00  p.  m.     Trip  to  the  Castle,  illuminated  by  fireworks,.     Given  by  the  City 

of  Heidelberg 
11.00  p.  m.     Return  to  Mannheim 

MANNHEIM 

Monday,  July  7 
10.00  a.  m.     Departure  for  Munich 

MUNICH 

Monday,  July  7 
5.00  p.  m.     Arrival  in  Munich 
8.00  p.  m.     Reception  of  welcome  in  the  Hofbrauhaus 

Tuesday,  Jidy  8 
9.30  a.  m.     Inspection  of  the  German  Museum  and  its  new  building 
3.00  p.  m.     Trip  to  the  Sternberger  See 
8.00  p.  m.     Concluding  exercises  in  the  Rathhaus 

STUDENT  ACTIVITIES 

Much  splendid  work  is  being  done  by  the  student  sections  of 
the  Society,  which  cannot  fail  to  develop  a  general  interest  in 
engineering  affairs  and  attract  interest  in  the  opportunities  af- 
forded by  The  American  Society  of  Mechanical  Engineers  for 
engineering  service.  As  reported  in  the  usual  place  in  The  Jour- 
nal, two  of  the  student  branches  have  held  exhibitions  of  engi- 
neering appliances  which  have  involved  a  great  deal  of  work  in 
their  preparation  and  which  reflect  much  credit  upon  the  stu- 
dents through  the  good  judgment  displayed  in  the  selection  of 
apparatus. 

One  of  these  exhibitions  was  held  at  the  Univer.sity  of  Wiscon- 
sin, Madison.     Certain  of  the  agricultural  students  cooperated 
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with  the  mciiiber.s  of  the  student  section,  and  the  exhibition  was 
given  at  the  new  stock  pavilion  of  the  agricultural  department, 
which  has  a  stadium  with  an  arena  170  by  70  feet.  Floor  space 
was  sold  to  the  dealers,  the  money  received  being  used  to  cover 
the  necessary  expenses.  The  exhibition  was  advertised  and 
brought  prominently  before  the  people  of  the  state,  the  idea  being 
that  many  people  were  ignorant  of  the  application  and  operation 
of  internal-combustion  engines  and  that  a  show  of  this  type  of 
engine  would  be  of  real  educational  value.  The  exhibits  included 
tractors,  automobiles,  farm  engines  and  general  utility  gas  en- 
gines, and  motor  boats. 

The  second  exhibit  mentioned  was  held  at  New  Haven  at  the 
Mason  Laboratory  of  Mechanical  Engineering,  and  was  arranged 
by  the  student  branches  of  the  different  societies  in  the  engineer- 
ing department  of  the  Sheffield  Scientific  School.  It  consisted 
of  the  regular  apparatus  of  the  laboratory,  so  arranged  as  to  be 
demonstrated  for  the  benefit  of  the  visitors,  supplemented  by 
contributions  from  some  twenty  manufacturing  firms.  There 
were  in  all  85  different  exhibits  and  student  operators  were  pres- 
ent to  demonstrate  the  working  of  the  apparatus  and  explain  its 
uses  to  those  interested.  The  exhibit  was  so  successful  that  be- 
tween 2500  and  3000  attended  during  the  three  evenings  when 
the  apparatus  was  displayed. 

Another  event  of  interest  was  the  annual  meeting  of  the  stu- 
dent branch  of  the  University  of  Kansas  at  Lawrence.  This  is 
the  fourth  annual  meeting  to  be  held,  and  started  with  a  session 
in  the  morning  at  which  an  opening  -address  and  professional 
papers  were  given.  In  the  afternoon,  there  was  a  second  profes- 
sional session,  and  the  affair  closed  in  the  evening  with  a  banquet. 

The  reports  which  have  come  to  the  Society  from  the  various 
student  brandies  throughout  the  winter  season  have  shoAvn  thiit 
many  meetings  have  been  held  in  the  different  colleges  which 
were  of  real  engineering  value,  the  students  often  being  ad- 
dressed by  prominent  speakers.  Such  meetings  must  demonstrate 
to  young  engineers  the  desirability  of  getting  together,  and 
lead  in  after  life  to  an  association  with  others  in  their  own  and 
related  lines  of  activity  which  is  always  beneficial. 

A  student  branch  has  recently  been  formed  at  the  University 
of  Iowa,  uiiiking  twenty-eight  in  all  now  connected  with  the 
Societv. 
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CURRENT  AFFAIRS  OF  THE  SOCIETY 

Among-  the  man}'  bequests  contained  in  the  will  of  John  Fritz, 
Honorary  Member  and  Past-President,  who  died  on  February 
13,  1913,  the  first  to  be  mentioned  were  gifts  to  the  Society. 
One  of  these,  a  fine  mahogany  hall  clock,  standing  nearly  eight 
feet  high  and  valued  at  fifteen  hundred  dollars,  has  been  placed 
in  the  rooms  of  the  Society.  It  was  presented  to  Mr,  and  Mrs. 
Fritz  by  their  numerous  friends  on  the  occasion  of  Mr.  Fritz's 
seventieth  birthday,  and  bears  the  inscription,  "  Oh !  Time  deal 
gently  with  our  loving  friends,  John  and  Ellen  M.  Fritz,  August 
21st,  1802,  Bethlehem,  Pa."  Another  and  equally  valuable 
bequest  is  the  handsome  silver  loving  cup  presented  to  Mr.  Fritz 
by  Irving  M.  Scott,  builder  of  the  U.  S.  battleship  Oregon,  in 
recognition  of  the  high  quality  of  the  product  furnished  by  Mr. 
Fritz  f(u-  the  vessel.  The  cup.  Avhich  is  now  in  the  Society's  pos- 
session, is  essentially  artistic  in  the  simplicity  of  its  design  and 
bears  a  map  of  the  famous  run  made  l)y  the  battleship  in  18!)8 
from  I*uget  Sound  to  Key  West,  a  distance  of  14,712  miles,  in 
less  than  two  months.  Upon  it  are  inscribed  the  words,  "  To 
John  Fritz  on  his  Eightieth  Birthday.  The  Builder  of  the  West 
greets  the  (leiiius  of  the  East.  The  Oregon's  performance  glori- 
fies the  steel  of  Fritz." 

In  addition  to  these  gifts,  the  executors  of  the  Fritz  estate 
have  placed  in  the  custody  of  this  Society  his  certificates  of  Hon- 
orary Membership  in  the  technical  and  learned  societies  of  the 
world,  greetings  from  organizations,  etc.,  and  several  medals 
which  Mr.  Fritz  received.  Among  these  the  most  precious  are 
the  original  bronze  medals  presented  by  the  John  Fritz  Medal 
Committee,  together  wdth  the  album  of  autographs  of  the  750 
donors  of  the  fund  wdiich  established  this  medal;  also  the  Bes- 
semer gold  medal  and  the  Elliott  Cresson  gold  medal.  The  por- 
traits have  also  been  received  of  W.  R.  Jones,  Alex.  L.  Holley, 
and  the  much-prized  autographed  group  of  Mr.  Fritz,  Ambrose 
Swasey  and  S.  T.  Wellman.  All  these  mementos  will  be  pre- 
served by  the  Society,  and  should  serve  as  an  inspiration  to  young 
men  for  earnestness  of  purpose  and  lofty  ideals. 

LICENSING  ENGINEERS 

The  Conference  Committee  of  the  National  Engineering  So- 
cieties held  a  meeting  during  the  month,  to  which  were  invited 
also  representatives  of  the  National  Electric  Light  Association, 
the  American  Gas  Institute,  and  the  Institute  of  Consulting  En- 
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gineers,  to  consider  the  propriety  of  preparing  a  hill  for  register- 
ing engineers,  which  should  be  olfered  to  the  Legislature  of  New- 
York  and  other  States  should  these  bodies  consider  legislation 
in  this  matter  essential.  It  was  the  sense  of  the  conference  that 
such  a  bill  be  prepared,  and  this  recommendation  has  been  made 
to  the  councils  of  the  respective  organizati(ms  represented. 

UNITED  ENGINEERING  SOCIETY 

At.  a  recent  meeting  of  the  Board  of  Trustees  of  the  United 
Engineering  Society,  the  wish  of  the  trustees  that  each  govern- 
ing body  of  the  Founder  Societies  shall  be  completely  informed 
both  of  the  policies  and  of  action  taken  at  its  meetings  was  ex- 
pressed by  a  vote,  inviting  any  officer  or  member  of  the  governing 
body  of  a  Founder  Society  to  be  present  at  any  meetings  of  the 
Board,  except  such  as  may  upon  request  of  a  member,  supported 
by  a  majority  vote  of  the  Board,  be  conducted  in  executive  ses- 
sion. Calvin  W.  Rice,  Secretary 

NEW  YORK  MEETING,  APRIL  8 

In  this  issue  is  ])ul)lished  a  collection  of  thirteen  papers  upon 
the  subject  of  Steel  Car  Design,  given  at  the  New  York  meeting 
of  the  Society  on  April  8.  This  meeting  Avas  one  of  the  most 
largely  attended  monthly  meetings  ever  held,  and  the  interest  in 
the  subject  was  evidenced  by  the  presence  of  many  engineers  and 
railroad  men  from  outside  the  city.  It  further  demonstrated  the 
success  which  is  being  attained  by  the  sub-committees  appointed 
by  the  Committee  on  Meetings  to  arrange  for  the  presentation 
of  papers  by  the  foremost  authorities  in  different  fields  of  activ- 
ity. The  papers  for  this  meeting  were*  secured  through  the  so- 
licitation of  the  sub-committee  on  Railroads,  E.  B.  Katte,  Chair- 
man. At  the  invitation  of  the  New  York  Local  Comiuittee,  which 
cooperated  with  the  Railroad  Committee,  the  session  was  held  at 
the  time  for  the  regular  uionthly  n)eeting  in  New  York. 

It  will  be  noted  that  the  papers  were  all  brief,  each  one  treat- 
ing of  one  definite  subject  upon  which  the  wa*iter  is  a  spe- 
cialist. This  method  of  presentation  of  a  subject  is  to  be  con- 
trasted with  the  older  and  more  familiar  use  of  long  papers, 
Avritten  by  a  single  author  and  covering  the  whole  field.  While 
each  method  may  have  its  advantages,  it  cannot  be  doubted  that 
the  foru)er  j^lan  is  more  efficacious  in  arousing  a  general  interest 
in  the  subject.    Each  man  in  turn  i)i'(\sents  his  one  point  in  a  way 
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to  direct  the  attoiition  of  the  aiulience  tlii'oiigh  his  personality, 
making  sure  the  su.stuiuing  of  interest,  as  was  the  case  at  this 
meeting. 

Following  the  presentation  of  the  papers  w^as  a  brief  discussion 
by  George  (xibbs,  John  A.  Pilcher,  Wm.  F.  Kiesel,  Jr.,  and  S.  A. 
Bullock.  It  is  expected  that  some  additional  contributions  will 
be  received  and  publication  of  the  discussion  is  therefore  deferred 
until  a  later  issue. 

DINNER  IN  HONOR  OF  PROFESSOR  HOLLIS 

On  Tuesday  evening,  April  20,  a  dinner  was  gi^en  at  the  Bos- 
ton City  Club  by  members  of  the  Boston  Society  of  Civil  Engi- 
neers, the  American  Institute  of  Electrical  Engineers,  and  of 
tliis  Society,  in  honor  of  the  appointment  of  Prof.  Ira  N.  Hollis 
of  Harvard  University  to  the  presidency  of  Worcester  Poly- 
technic Institute.  Dr.  Richard  C.  MacLaurin,  President  of 
Massachusetts  Institute  of  Technology,  Dr.  A.  Law^rence  Lowell, 
President  of  Harvard  University,  and  other  distinguished  educa- 
tors were  present. 

At  the  conclusion  of  the  dinner  papers  illustrated  by  lantern 
slides  were  presented,  one  upon  Some  Phases  of  the  Development 
of  the  Grand  Central  Terminal  by  George  W.  Kittredge,  chief 
engineer  of  the  New  York  Central  lines,  and  another  on  Prob- 
lems in  Local  Transportation,  by  Matthew  C,  Brush,  second  vice- 
president  of  the  Boston  Elevated  Railw^ay  Company. 


DEATH   OF  HONORARY  MEMBERS 

During  the  past  few  months,  the  Society  has  lost  by  death  a 
number  of  its  Honorary  Members.  An  account  of  the  career  of 
two  of  these,  John  Fritz  and  Sir  William  Arrol,  appeared  in  the 
April  issue,  and  biographies  of  Carl  Gustaf  Patrik  de  Laval  and 
Victor  Dwelshauvers-Dery  are  given  herewith. 

CARL  GUSTAF  PATRIK  DE  LAVAL 

On  February  3  of  this  year  there  passed  away  an  engineer  of 
world-wide  fame,  Dr.  Carl  Gustaf  Patrik  de  Laval,  whom  we  are 
proud  to  have  numbered  among  our  honorary  members.  He  was 
in  his  sixty-eighth  year,  in  the  full  possession  of  those  faculties, 
the  conscientious  use  of  which  in  the  service  of  mankind  had 
placed  him  in  the  front  rank  of  his  profession. 

Dr.  de  Laval  was  born  at  Blosenberg  in  the  Province  of  Dale- 
carlia,  Sweden,  on  May  8,  1845,  of  a  family  of  soldiers  whose 
French  ancestor  rode  to  fame  with  Gustavus  Adolphus.  The  in- 
herited qualities  of  courage,  alertness,  endurance,  and  close  ob- 
servation, he  carried  into  that  nobler  warfare  with  stubborn 
materials  and  elemental  forces  in  which  the  wit  of  man  conquers 
not  by  destruction  but  by  making  their  energies  his  willing  in- 
struments. 

In  his  eighteenth  year  he  entered  the  technical  department  of 
the  University  of  Upsala,  and  was  graduated  with  distinction 
three  years  later,  carrying  with  him,  indeed,  the  highest  honors 
in  every  department.  His  first  position  was  with  the  Stora  Kop- 
parberg  Company  of  Bergslad  as  a  draftsman,  but  considerations 
of  health  forced  him  to  give  up  this  confining  occupation  for  one 
with  more  opportunities  for  outdoor  exercise.  He  accordingly 
decided  to  return  to  Upsala  for  further  study,  and  in  1872  re- 
ceived the  degree  of  Doctor  of  Philosophy.  In  the  same  year  he 
re-entered  the  employ  of  the  copper  company  and  made  for  them 
investigations  in  the  manufacture  of  sulphuric  acid.  Upon  com- 
pletion of  this  task  Dr.  de  Laval  resigned  his  position  for  a  ven- 
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ture  of  his  own,  a  glass  factory  at  Falun,  which,  however,  un- 
fortunately failed,  leaving  him  heavily  in  debt. 

He  then  entered  the  employ  of  the  Klosterverken  Iron  Works 
as  engineer,  and  it  was  during  his  connection  with  this  company 
and  while  carrying  on  his  daily  duties  in  the  works  that  he  de- 
veloped from  a  crude  German  device  the  centrifugal  cream  sepa- 
rator which  has  made  his  name  a  household  word  on  the  dairy 
farms  of  the  world.  So  absorbed  did  he  finally  become  in  its 
perfection  that  he  gave  up  his  position  in  order  to  devote  his 
entire  time  to  it.  When  it  finally  worked  to  his  complete  satis- 
faction he  endeavored  to  secure  in  Stockholm  the  financial  assist- 
ance needed  to  place  it  on  the  market,  but  it  was  only  by  extreme 
persistence  that  he  was  able  to  obtain  even  a  small  loan.  Its 
manufacture  proved  an  immediate  success  and  it  was  not  long 
before  the  Separator  Company,  Limited,  was  on  a  secure  financial 
basis. 

The  cream  separator  called,  however,  for  some  means  to  drive 
it  at  the  high  speed  required,  and  Dr.  de  Laval  attempted  to 
apply  to  it  the  ancient  principle  of  Hero  of  Alexandria,  driving 
a  reaction  wheel  by  two  steam  jets  normal  to  the  direction  of  rota- 
tion. This  in  its  turn  brought  the  inventor  face  to  face  with 
troubles  with  transmission  and  shafts  rotating  at  high  speeds, 
which  he  attempted  to  overcome  by  using  a  special  bearing,  lubri- 
cated by  the  oil  acted  on  by  centrifugal  force,  together  with  a 
high-speed  worm-drive  transmission.  For  many  years  cream 
separators  were  made  with  direct  steam  drive,  but  their  economic 
efficiency  proved  to  be  poor.  At  the  end  of  the  eighties  de  Laval 
was  ready  with  the  first  steam  turbine,  embodying  practically  all 
the  features  which  have  since  become  familiar  to  every  engineer, 
such  as  conversion  of  the  energy  of  high-pressure  steam  into 
velocity  by  means  of  the  de  Laval  nozzle,  the  use  of  a  wheel  run- 
ning at  a  very  high  speed,  and  the  flexible  shaft  running  at  a 
speed  far  exceeding  the  critical  speed.  The  new  prime  mover, 
running  at  what  was  then  considered  a  frightful  speed  of  some 
24,000  r.p.m.,  which  had  to  be  reduced  to  one-tenth  of  it  for  driv- 
ing the  separators,  did  not  prove  convenient  for  this  purpose  and 
became  the  basis  of  a  separate  industry. 

Dr.  de  Laval  was  not  the  type  of  man  to  rest  content  with  one 
success  and  to  devote  his  time  to  the  management  of  his  existing 
concerns,  even  though  that  clearly  appeared  to  he  the  easiest  way 
to  wealth.     In  looking  for  new  things  to  which  to  turn  his  in- 
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\eiitive  genius,  de  Laval  started  the  manufacture  of  milking  ma- 
chines, and  when  this  enterprise  proved  unsuccessful,  devoted  his 
time  and  fortune  to  discovering  a  new  process  for  treating  low- 
grade  Swedish  zinc  ores.  This  venture,  wliich  gave  some  inter- 
esting scientific  results,  proved  so  disastrous  to  him  financially, 
that  in  1908,  at  a  time  when  the  Separator  Company  in  which  de 
Laval  was  originally  one  of  the  largest  shareholders,  was  more 
prosperous  than  ever  before,  his  afi'airs  were  in  such  a  state  that 
the  company  voted  him  a  pension  of  12,000  krones. 

Large  rewards  came  to  him  in  wealth  and  honor,  but,  instead 
of  hoarding  his  gains,  he  saw"  in  them  only  the  means  and  the 
incentive  for  further  work  for  the  benefit  and  advancement  of 
mankind.  In  the  ethical,  no  less  than  in  the  intellectual  sense, 
he  deserves  the  title  of  a  great  engineer.  Dr.  de  Laval  was  a 
member  of  the  Swedish  House  of  Lords  and  during  his  lifetime 
received  n  anv  foreign  orders  and  distinctions. 

E.  D.  M. 

VICTOE  DWELSHAUVERS-DEPvY 

On  March  15,  Victor  Auguste  Ernest  Dwelshauvers-Dery, 
professor  emeritus  of  the  University  of  Liege,  died  in  Belgium, 
bringing  to  a  close  a  long  life  of  service  in  the  field  of  engineer- 
ing research  and  investigation.  Professor  Dwelshauvers-Dery 
was  born  at  Dinant  on  April  25,  1836,  and  receiving  his  early 
education  at  home,  entered  at  the  age  of  seventeen  a  small  col- 
lege in  Brussels  in  which  he  gave  special  attention  to  the  study 
of  higher  and  applied  mathematics.  In  1801  he  was  graduated 
from  Liege  University  w^ith  the  diploma  of  mechanical  engineer 
and  in  the  same  year  accepted  from  liis  alma  mater  the  position 
of  lecturer  in  mechanics.  The  university's  recognition  of  his  tal- 
ents was  soon  justified  by  his  rise  to  the  chair  of  professor  of 
mechanics,  a  position  which  he  held  for  many  years. 

The  imi)ortant  thing  to  which  Professor  Dwelshauvers-Dery 
immediately  directed  his  attention  was  the  establishment  of  an 
engineering  laboratory  where  theory  might  l)e  compared  with 
practice.  He  established  in  the  university  courses  of  lectures 
covering  in  detail  the  theoi-y  and  construction  of  the  steam  en- 
gine and  the  economics  of  steam  raising,  and  his  object  in  secur- 
ing a  laboratory  was  'the  investigation  of  certain  discrepancies 
between  steam  engine  theory  and  practice.  He  began  his  eiforts 
toward  this  end  as  early  as  1870,  but  it  was  not  for  ten  years 
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that  they  were  even  partially  successful,  a  grant  being  then  al- 
lowed him  for  the  purchase  of  a  steam  engine,  which,  however, 
he  had  to  run  at  his  own  expense  outside  of  the  university 
premises.  In  1898  the  laborator}^  w^as  finally  established  accord- 
ing to  Professor  Dwelshauvers-Dery's  original  plan,  and  he  im- 
mediately began  there  his  experiments  with  steam  consump- 
tion and  steam  jacketing,  gathering  about  him  in  this  work 
many  brilliant  students.  The  effect  of  high  compression  on 
steam  economy  was  one  of  the  earliest  matters  to  be  investi- 
gated, for  which  Professor  Dwelshauvers-Dery  designed  an  ex- 
perimental steam  engine  where  he  was  able  to  vary  at  will  the 
steam  distribution,  the  governing  and  also  the  degree  of  com- 
pression. From  these  experiments  he  obtained  his  theories  on 
steam  compression  which  are  widely  know^n.  His  views  on  the 
phenomena  due  to  steam  jacketing  under  most  varying  condi- 
tions, one  of  his. favorite  subjects,  were  presented  at  a  meeting 
of  the  Institution  of  Mechanical  Engineers  and  are  published 
in  their  proceedings  for  1905. 

In  1900  Professor  Dwelshauvers-Dery  was  invited  to  become 
rector  of  the  university  and  was  obliged  in  undertaking  these 
heavy  duties  to  interrupt  his  work  in  the  laboratory.  Three  years 
later  he  retired  from  public  life,  but  his  advice  and  collaboration 
were  still  given  freely  wherever  asked  and  he  contributed  exten- 
sively to  the  Belgian  and  French  technical  press. 

Professor  Dwelshauvers-Dery  w^as  honored  in  18SS  by  the 
award  by  the  Institution  of  Civil  Engineers  of  the  Watt  Medal 
and  Telford  Prize  for  his  paper  on  the  Steam  Engine  Governor, 
and  in  1889  he  shared  with  Donkin  a  prize  for  investigations  on 
the  thermal  action  of  walls  of  a  steam  engine  cylinder.  That 
his  teachings  w^ere  widespread  in  their  effect  is  evidenced  by  the 
fact  that  the  establishment  of  the  laboratory  in  University  Col- 
lege, London,  was  due  to  the  work  which  he  had  done  at  Liege. 
He  w^as  a  corresponding  member  of  the  British  Association,  the 
Institut  de  France,  the  Societe  Industrielle  de  Mulhouse,  and 
the  Societe  d'Encouragement  pour  I'Industrie  Nationale,  a 
commander  of  the  Leopold  Order,  and  a  knight  of  the  Legion 
of  Honor. 


THE  MYRTAWATT  AS  A  UNIT  OF  ELECTRIC  POWER 

In  June  1912  a  paper  by  H.  G.  Stott  and  Haylett  O'Neill  was 
read  at  the  annual  convention  of  the  American  Institute  of  Elec- 
trical Engineers  which  proposed  the  use  of  "  the  myriawatt  as 
a  unit  of  power  "  in  connection  with  steam  and  gas  engine  units, 
steam  boilers,  etc.  The  myriawatt  is  equivalent  to  10,000  watts 
and  very  nearly  parallels  the  commonly  accepted  term  boiler 
horsepower,  being  2  per  cent  larger  than  this  unit.  Following 
the  presentation  of  the  paper  upon  the  myriawatt  the  Council 
of  The  American  Society  of  Mechanical  Engineers  appointed  a 
committee  to  meet  with  the  Standards  Committee  of  the  Ameri- 
can Institute  of  Electrical  Engineers  and  to  report  upon  the  sub- 
ject of  the  myriawatt  and  its  use  in  place  of  the  older  term  of 
boiler  horsepower.  In  The  Journal  for  February  1913  the  com- 
mittee reported  in  favor  of  the  myriawatt,  and  the  original  paper 
explaining  its  use  was  reprinted.  The  subject  is  now  open  for 
discussion  and  two  contributions  follow. 

DISCUSSION 

William  Kent.  The  units  of  electric  power  in  common  use 
are  the  watt  and  the  kilowatt  (or  1000  watts).  We  do  not  use 
the  dekawatt  or  the  hectowatt  (10  or  100  watts).  Why  should  we 
use  the  myriawatt  (10,000  watts)  ? 

There  is  a  general  tendency  to  discontinue  the  use  of  unneces- 
sary units;  thus  in  English  measures  we  liave  in  common  use  the 
inch,  the  foot,  and  the  mile,  and  in  engineering  we  do  not  use 
the  yard  (except  the  cubic  yard),  the  rod,  the  furlong  or  the 
league.  We  use  the  pound  and  the  ton,  and  have  abandoned  hun- 
dred w:eights  and  quarters.  In  metric  measures  the  kilometer, 
the  meter  and  the  millimeter,  the  gram,  the  kilogram  and  the 
milligram  are  commonl}'  used,  while  the  hectometer,  the  deka- 
meter  and  the  decimeter,  the  hectogram,  the  dekagram  and  the 
decigram  are  rarely  seen.  The  gallon,  a  useless  unit,  is  slowly 
being  replaced  by  the  cubic  foot,  and  the  grain,  another  useless 
unit,  is  being  replaced  by  a  decimal  fraction  of  a  pound.    There 
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are  two  reasons  for  the  tendency  to  discontinue  the  use  of  cer- 
tain units:  a  because  the  average  man  cannot  think  in  a  great 
variety  of  units,  and  h  because  the  use  of  fewer  units  tends  to 
economize  time  in  calculations.  If  electrical  engineers  wish  to 
discontinue  the  use  of  the  term  horsepower,  and  to  use  the  kilo- 
watt as  the  unit  of  both  electrical  and  mechanical  power,  it  is 
because  they  think  in  kilowatts  and  wish  to  avoid  the  trouble  of 
converting  kilowatts  into  horsepower  and  vice  versa.  There  is 
no  objection  to  their  doing  this  if  they  see  fit,  but  there  seems 
to  be  no  good  reason  why  they  should  use  the  myriawatt  instead 
of  the  kilowatt.  The  mechanical  engineer,  however,  thinks  in 
horsepower.  He  finds  the  term  in  all  his  reference  books  and 
other  engineering  literature,  and  he  will  not  take  the  trouble  to 
express  quantities  of  mechanical  power  in  either  kilowatts  or  in 
myriawatts  if  he  can  possibly  avoid  it. 

It  is  suggested  that  the  myriawatt  be  used  for  the  input  and 
the  kilowatt  for  the  output  in  computations  of  efficiency.  To  do 
this  would  be  to  violate  the  usual  custom,  which  is  to  define  effi- 
ciency ratio  as  the  quotient  of  output  divided  by  input,  both 
numerator  and  denominator  being  expressed  in  the  same  unit, 
and  to  multiply  this  ratio  by  100  or  shift  the  decimal  point  two 
places  to  the  right,  to  obtain  the  eificiency  as  a  percentage.  Ac- 
cording to  the  suggestion  of  Messrs.  Stott  and  O'Neill,  the  quo- 
tient of  output  in  kilowatts  divided  by  input  in  myriawatts  has 
to  be  divided  by  10  to  obtain  the  efficiency  ratio  or  multipled  by 
10  to  obtain  the  percentage. 

The  chief  objection  the  mechanical  engineer  will  have  to  using 
the  kilowatt  or  its  multiple,  the  myriawatt,  as  a  unit  of  mech- 
anical power  instead  of  horsepower  is  that  the  horsepower  is 
directly  derived  from  the  two  fundamental  units,  the  foot  and 
the  poiiiid  (1  h.]).  ==  550  ft-ll).  ihm-  sec,  ,'5;],()00  fl-lb.  per  min.,  or 
1,980,000  ft-lb.  per  hr.)  ;  while  the  kilowatt  is  1000  times  the  prod- 
uct of  volts,  amperes  and  power-factor,  no  one  of  these  being 
related  to  the  foot  or  the  pound,  but  requiring  to  be  measured 
by  indicating  instruments,  such  as  the  voltmeter,  ammeter,  and 
wattmeter.  Of  course  we  can  obtain  the  kilowatt  from  the  me- 
chanical units  by  using  the  conversion  factor  1  kw.  =  737.56  ft-lb. 
per  sec,  44,254  ft-lb.  per  min.,  or  2,655,200  ft-lb.  per  hr.,  but  who 
wishes  to  use  such  conversion  factors  when  he  can  use  the  ones 
which  he  easily  remembers,  connecting  the  horsepower  and  the 
foot-pound.    There  might  be  a  better  mechanical  unit  of  power 
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than  the  horsepower,  mxy  a  ''  kih)\  iiii,"  lOUO  I't-lh.  per  sec,  ()0,000 
ft-lb.  per  min.,  or  3,000,000  ft-lh.  per  hr.,  but  the  old  unit  is  so 
entrenched  in  custom  and  in  literature  that  it  cannot  be  done 
away  witli.  The  horsepower  is  here  to  sta}^  and  we  can  no  more 
eliminate  it  than  we  can  eliminate  the  gallon,  whose  only  excuse 
for  existing  is  that  it  is  established  by  custom.  The  gallon  is  231 
cu.  in,  in  the  United  States,  and  277.274  cu.  in.  in  England  and  in 
Canada,  but  bad  as  they  both  are,  we  cannot  get  rid  of  them. 

There  are  three  different  kinds  of  units  used  by  engineers  in 
measuring  quantities  of  energy  or  of  power  (rate  of  transmission 
or  conversion  of  energy),  namely,  mechanical,  electrical,  and  heat 
units.  Mechanical  energy  is  measured  in  foot-pounds,  using  a 
2-ft.  rule  and  a  platform  scale;  mechanical  power  in  foot-pounds 
per  second  or  in  horsepowers.  Electrical  power  is  measured  in 
volt-amperes  or  in  kilowatts  by  means  of  electric  meters,  and  elec- 
trical energy  is  measured  as  the  product  of  these  units  into  units 
of  time,  such  as  seconds  or  hours.  Heat  energy  is  measured  in 
British  thermal  units,  and  is  the  product  of  weight  in  pounds, 
specific  heat  and  difference  of  temperature.  Mechanical  energy 
may  be  transmitted  by  a  shaft  or  belt,  and  may  be  stored  in  a 
revolving  flywheel,  or,  as  potential  energy,  in  a  weight  raised 
to  a  height  above  the  earth,  or  in  a  compressed  spring.  Electric 
energy  is  transmitted  as  an  electric  current  on  a  wire,  and  is 
stored  in  a  storage  battery.  Heat  energy  is  transmitted  by  radi- 
ation, conversion  or  conduction,  and  is  stored  in  a  mass  of  mate- 
rial raised  to  a  high  temperature.  These  three  kinds  of  energy 
naturally  are  and  should  be  measured  in  different  kinds  of  units. 
Since  the  three  kinds  of  energy  can  be  converted  one  into  another 
and  the  equivalent  of  one  in  terms  of  the  other  is  known  with 
considerable  accuracy,  the  units  may  also  be  converted  into  one  an- 
other by  the  use  of  certain  numerical  factors  of  conversion.  Thus 
kilowatts  may  be  converted  into  foot-pounds  per  second  or  into 
heat  units  per  second;  but  there  is  no  more  reason  why  we  should 
express  the  power  transmitted  through  a  shaft  in  kilowatts  than 
why  we  should  express  it  in  heat  units.  When  heat  energy  is 
converted  into  mechanical  energy,  and  that  into  electric  energy, 
we  need  the  three  kinds  of  units  to  express  the  amount  of  energy 
in  each  of  its  three  forms,  if  we  wish  to  convey  to  others  a  clear 
idea  of  the  quantity  of  energy  that  is  measured  in  each  form, 
and  to  show  the  several  losses,  such  as  heat  lost  in  the  chimney, 
steam  lost  by  cylinder  condensation  and  discharged  into  the  con- 
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denser,  friction  of  engine,  friction,  windage  and  electrical  losses 
in  the  generator.  It  may  be  convenient  in  some  cases  to  tabulate 
all  the  losses,  from  the  coal  to  the  switchboard,  in  heat  units,  and 
to  convert  each  expression  of  energ}^,  measured  in  whatever  form, 
into  heat  units,  so  as  to  make  a  heat  balance,  but  there  seems  to 
be  no  occasion  ever  to  record  any  of  the  quantities  between  the 
coal  and  the  generator  in  kilowatts. 

The  following  conversion  table  is  practically  all  that  is  needed 
in  computations  of  the  different  kinds  of  power  and  energy : 

Kind  of  Unit 

Mechanical    1  h.p.  =0.7457  kw.  =2546.5  B.t.u.  per  hr.  =550  ft-lb. 

per  sec. 
Electrical       1  kw.  =1.3410  h.p.  =3415.0  B.t.u.  per  hr.=737.56ft- 

Ib.  per  sec. 
fl  B.t.u.  =1/180  of  heat  of  1  lb.  water  between  32  deg. 

Heat  <  and  212  deg.  fahr.  =777.54  ft-Ib. 

(_1  unit  of  evaporation  =970.4  B.t.u. 

Messrs.  Stott  and  O'Neill's  chief  reason  for  introducing  the 
term  myriawatt  seems  to  be  that  they  wish  to  substitute  it  for 
the  boiler  horsepower  as  a  measure  both  of  performance  or  capac- 
ity, and  of  rating  for  commercial  purposes.  Let  us  consider 
what  the  boiler  horsepower  is.  It  is  not  a  measure  of  energy, 
either  mechanical,  electrical  or  thermal;  it  is  merely  a  commer- 
cial term,  applied  to  stationary  boilers  only,  never  to  locomotive 
or  marine  boilers.  It  has  two  meanings:  (a)  a  measure  of  the  size 
of  the  boiler,  that  is,  the  extent  of  heating  surface,  it  being  cus- 
tomary to  call  10  sq.  ft.  of  heating  surface  a  horsepower;  (h)  a 
measure  of  performance,  merely  the  quotient  of  the  equivalent 
pounds  of  water  evaporated  from  and  at  212  deg.  per  hr.  divided 
by  the  arbitrary  figure  34.5.  The  term  originated  many  years 
ago  in  England,  when  very  low  pressures  were  used.  It  was 
customary  to  say  that  a  boiler  required  to  have  1  sq.  yard  of  heat- 
ing surface,  1  sq.  ft.  of  grate  .surface,  and  to  evaporate  1  cu.  ft. 
of  water,  to  develop  1  h.p.  in  a  steam  engine.  The  origin  in  this 
country  of  a  more  modern  definition  was  probably  due  to  Prof. 
R.  H.  Thurston,  in  connection  with  the  steam  boiler  trials  in  the 
American  Institute  Fair  in  1871.  Steam  pressures  at  that  date 
averaged  about  70  lb.  gage,  feedwater  teinperatiu-es  were  variable, 
averaging  about  100  deg.,  and  the  average  engine  was  assumed 
to  require  about  30  lb.  of  steam  per  hour  per  horsepower.  These 
figures  were  then  combined  in  the  definition  of  the  horsepower 
pf  a  boiler,  not  as  a  measure  of  power  it  could  actually  produce 
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in  connection  with  any  given  engine,  but  merely  as  a  unit  for 
comparing  one  boiler  with  another.  After  that  date  it  became 
customary  to  regard  15  sq.  ft.  of  heating  surface  per  h.p.  the 
measure  of  size  or  rating  of  a  boiler,  but  in  later  years  competi- 
tion among  boiler  makers  brought  the  figure  down  to  12  sq.  ft. 
and  finally  to  10  or  less.  The  judges  of  the  boiler  trials  at  the 
Centennial  Exhibition  in  1876  used  in  their  report  the  same  defi- 
nition of  the  boiler  horsepower,  30  lb.  per  hour  from  feed  at  100 
deg.  into  steam  at  70  lb.  gage  pressure,  and  the  first  committee 
of  The  American  Society  of  Mechanical  Engineers  on  boiler  trials 
in  1884  reaffirmed  it,  but  added  to  it  these  words :  "  which  shall  be 
considered  to  be  equal  to  34^^  units  of  evaporation,  that  is,  say, 
to  34I/2  lb.  of  water  evaporated  from  a  feedwater  temperature  of 
212  deg.  fahr.  into  steam  at  the  same  temperature.  This  standard 
is  equivalent  to  33,305  thernial  units  per  hour."  The  committee 
of  1899  also  readopted  the  34 1/^  lb.  standard,  but  as  the  defini- 
tions of  the  heat  unit  and  of  the  unit  of  evaporation  have  since 
been  slightly  modified,  the  heat  equivalent  of  the  boiler  horse- 
power became  34i/^  X  970.4  =  33,479  thermal  units  per  hour. 

The  present  Committee  on  PoAver  Tests  of  the  Society  in  its 
preliminary  report,^  recognizing  the  validity  of  the  objections  to 
the  boiler  horsepower  in  these  days  of  high-pressure  steam  and 
of  steam  turbines,  abandoned  it  as  a  standard  unit  of  boiler 
capacity,  and  adopted  as  the  standard  unit  "  1  lb.  of  water  evap- 
orated into  dry  steam  from  and  at  212  deg.  per  hour,"  and  put 
in  a  foot-note  the  statement  "  a  subsidiary  unit  which  may  be 
used  for  stationary  boilers  is  a  '  boiler  horsepower,'  or  341/2  lb. 
of  water  evaporated  from  and  at  212  cleg,  per  hour,  i.e.  from 
water  at  212  deg.  into  steam  at  the  same  temperature." 

Messrs.  Stott  and  O'Neill  have  taken  up  this  old  and  discred- 
ited unit,  Avhich  never  was  a  scientific  unit  but  only  a  commercial 
one,  modified  it  about  2  per  cent,  .so  that  it  is  no  longer  341^  lb. 
but  35.192  lb.,  equivalent  to  34,150  B.t.u.  per  hour,  and  instead 
of  giving  it  a  name  which  will  show  that  it  has  some  relation  to 
a  steam  boiler,  they  call  it  a  myriawatt,  which  is  nothing  more 
nor  less  than  10  kw.,  an  electrical  unit,  neither  a  unit  of  thermal 
capacity  nor  of  mechanical  power.  They  go  still  further  and  ask 
us  to  adopt  this  myriawatt  as  a  unit  for  turbines,  waterwheels, 
gas  engines,  and  gas  producers,  for  all  of  which  the  boiler  horse- 

1  The  Journal,  November'l912,  p.  1706. 
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power  was  never  designed  and  never  used.  They  ask  us  to  meas- 
ure input  in  myriawatts  and  the  output  in  kilowatts,  and  to 
change  the  meaning  of  efficiency,  so  that  it  is  no  longer  output 
divided  by  input  in  the  same  units,  but  output  in  kilowatts  di- 
vided by  input  in  myriawatts,  and  this  quotient  divided  by  10 
to  get  the  efficiency  ratio,  or  nniltiplied  by  10  to  get  the  efficiency 
percentage. 

In  former  times  when  computing  a  boiler  test,  we  found  the 
equivalent  evaporation  in  pounds  per  hour  and  divided  it  by 
34.5  to  obtain  the  boiler  horsepower;  now  we  must  divide  by 
35.192,  or  multiply  by  970.4  and  then  divide  by  34,150  to  get  the 
myriawatts.  In  former  times  when  computing  the  test  of  a 
waterwheel,  we  obtained  the  foot-pounds  of  work  done  per  min- 
ute by  a  Prony  brake  and  compared  it  with  the  foot-pounds  of 
potential  energy  of  the  water,  dividing  the  former  by  the  latter 
gave  the  efficiency,  or  dividing  each  by  33,000  gave  the  horse- 
power, developed  and  potential.  Now  we  must  convert  the  foot- 
pounds per  minute  into  myriawatts,  and  we  need  a  new  conver- 
sion table  for  the  relation  of  myriawatts  to  other  kinds  of  units, 
such  as  is  given  in  Messrs.  Stott  and  O'Neill's  paper.  The  fol- 
lowing is  an  example  showing  the  calculations  required  in  con- 
nection with  the  test  of  a  steam-electric  plant  in  order  to  obtain 
the  several  efficiencies.  The  old  method  and  the  proposed  method 
are  shown  in  parallel  columns.  A  careful  examination  of  the 
calculations  given  in  the  last  column  will  show  that  the  myria- 
watt  method  has  no  advantage  whatever  over  the  old  method, 
but  on  the  contrary  it  is  more  inconvenient  and  troublesome: 

B.t.u.  Method  Myriawatt  Method 

Coal,  lb.  per  hr 1000 

Coal,  B.t.u.  per  lb 14000       -7-34150  =0 . 40996  mw. 

Steam,  lb.  per  hr 9000 

Feed  water  temperature,  deg.  fahr 110 

Steam  pressure  gage,  lb 150 

Factor  of  evaporation 1 .  151 

Equivalent  evaporation,  lb.  per  hr 10,359 

Equivalent    evaporation    per    sq.    ft., 

heating  surface  per  hour 3 .  45 

Equivalent  evaporation  per  lb.  coal..  .  .    10.36 

10359  X  970.4 

Boiler  horsepower,  10,359^34.5 300      — -— =  294. 1  mw. 

34 .  5U 

Pipe  leakage  and  radiation,  2  per   cent, 

lb 180 

Steam  to  engine,  lb 8820 
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Heat  per  lb.  steam  from  110  deg.  fahr. 

to  150  lb.,  B.t.u 1117       -^ 34150=  0.032709  mw-hr. 

I.h.p.  of  engine 600       X0.07457=44.742  mw. 

Kw.  at  switchboard 380  380  kw. 

Steam  per  i.  h.p.  per  hr.,  lb 14.70       X13.41  197,13  lb.  per  mw-hr. 

(engine) 

Steam  per  kw-hr.,  lb —  =  23.21       23.21  lb.  per  kw-hr.  (s^^^^f^h- 

380  board) 

Per  Cent  Efficiency 

kw.      380X1.341       '  380X10 

=84.93  =84.93 

Ih.p.  600  447.42 

kw.        380  X  3415  380  X  10 

=13.17  =  13.17 

steam     8820  X  1117  8820  X  0.032709 

Ih.p.     600X2546.5  44.742 

5_    ij =15  51  ■ =  15  51 

steam     8820X1117  8820X0.032709 

Steam  to  engine     8820  X  1117  8820  X  0.032709 

^—   =70.37 =70.37 

coal       1000  X  14000  1000  X  0.40996 

10359X970.4  10359X970.4-34150     ^     _ 

Boiler  and  furnace =71.80       . =71.80 

1000  X  14000  1000  X  0.40996 

kw.       380  X  3415  ^  ^  27  380  X  10  ^  ^y 

coal     1000X14000  1000X0.40996 

The  author.s  of  the  paper  will  not  succeed  in  persuading  the 
mechanical  engineering  profession  to  adopt  the  myriawatt,  but 
they  can  introduce  it  into  literature,  to  the  confusion  of  engineer- 
ing students  of  the  future.  Already  the  Electrical  Review  of 
Chicago  ^  has  editorially  commended  it,  saying,  "  the  suggestion 
is  an  admirable  one  and  will  appeal  to  every  electrical  engineer. 
The  suggestion  has  been  adopted  by  a  joint  committee  of  the 
American  Institute  of  Electrical  Engineers  and  The  American 
Society  of  Mechanical  Engineers,  and  this  should  guarantee  its 
gradual  introduction  into  general  practice."  The  Review  appar- 
ently delights  in  suggestions,  for  in  the  same  editorial  it  says, 
"  another  suggestion  has  been  to  apply  the  name  of  '  kelvin '  to 
a  unit  representing  10,000.000  joules,  which  w^ill  give  a  unit  of 
connnercial  size.  A  joule  re]:»resents  10,000,000  ergs.  This  unit 
would  represent  2.78  Inv-hr." 

On  the  other  hand  the  Electrical  Review  of  London-  makes 
fun  in  an  editorial  of  the  myriawatt.  It  says,  "  What  we  cannot 
understand,  however,  is  Avhy  in  the  name  of  common  sense  they 
want  to  measure  the  input  by  a  unit  ten  times  that  used  for  the 

1  February  1,  1913. 

2  January  31,  1913. 
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output.  Have  our  cousins  lost  their  traditional  sense  of  humor?  " 
It  is  evident  that  our  English  friends  will  not  adopt  the  myria- 
watt,  and  if  our  writers  and  text  books  adopt  it,  we  shall  have 
another  instance  of  the  two  English  speaking  nations  using  dif- 
ferent technical  terms  and  definitions. 

It  is  easy  to  make  suggestions  for  neAV  units,  and  it  is  easy  for 
an  eloquent  and  forceful  man  to  persuade  a  committee  to  adopt 
them.  It  is  easy  also  for  newspaper  men,  college  professors  and 
text-book  writers  to  put  them  into  literary  use.  But  it  is  hard 
to  do  away  with  them.  Many  years  ago  some  one  invented  the 
term  "  poundal  "  as  a  unit  of  force.  It  was  accepted  by  prac- 
tically every  text-book  writer  on  physics  and  mechanics.  It  was 
taught  in  the  colleges  to  thousands  of  students,  wasting  their  time 
and  confusing  their  minds,  but  it  was  never  adopted  by  any  engi- 
neer in  his  practice,  and  only  within  the  last  five  years  have  we 
seen  signs  that  it  is  getting  into  disrepute  among  text-book  writ- 
ers. In  1876  an  international  committee  of  metallurgists  forced 
upon  the  literary  world  a  definition  of  steel  which  was  not  known 
in  commerce,  and  invented  the  terms  ingot  iron,  ingot  steel,  weld 
iron,  weld  steel,  which  immediately  began  to  infest  metallurgical 
literature.  They  remained  in  the  papers  and  text  books  for 
many  years,  but  commerce  never  adopted  them,  and  they  have 
now  practically  died  out  from  literature.  About  1890  the  Brit- 
ish Association  for  the  Advancement  of  Science  had  a  committee 
on  standard  units  and  they  invented  a  whole  list  of  new  names, 
a  velo,  a  celo,  a  bole,  a  kine,  a  barad,  a  dynam.^  They  were  given 
prominence  in  the  papers  for  a  Avhile,  but  they  are  now  forgot- 
ten. The  electrical  engineers  for  many  years  had  the  weber.  but 
modern  text  books  have  dropped  it.  New  units  may  be  suggested, 
may  be  reported  on  by  committees,  approved  by  editors,  adopted 
in  text  books,  and  used  to  torture  students,  but  it  is  hard  to  get 
them  adopted  in  practice.  Let  us  hope  that  the  myriawatt  will 
not  persist  in  literature  as  long  as  the  poundal  and  ingot  iron 
and  the  weber  did,  but  rather  that  it  will  "  die  a-bornin' "  as  did 
the  velo  and  the  celo  and  the  dynam. 

THE  Vim  system  of  energy  units 

Besides  the  paper  by  Messrs.  Stott  and  O'Neill,  there  has  been 
another  recent  attack  on  the  English  syst(>m  of  units  of  power  and 
energy,  viz.,  the  attempt  of  the  Bureau  of  Standards  ^  to  destroy 

1  See  The  Engineer  (London),  July  4,  1890. 

2  Circular  No.  34,  June  1912.    The  Relation  of  the  Horsepower  to  the  Kilowatt. 
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the  old  definition  of  a  horsepower  as  550  ft-lb.  per  sec,  or  33,000 
ft-lb.  per  min.,  and  to  define  it  as  746  watts. 

Practically  the  only  excuse  for  the  introduction  of  these  new 
definitions  or  units  is  that  there  is  some  little  difficulty  and  liability 
of  error  in  making  the  arithmetical  computations  required  to  trans- 
late horsepower  into  kilowatts,  kilowatts  into  foot-pounds  per  second, 
etc.  The  difficulty  arises  from  the  fact  that  when  the  practical 
electric  units,  watt,  ampere,  etc.,  were  originated,  no  attempt  was 
made  to  connect  them  with  any  units  of  the  English  system,  but 
instead  they  were  connected  with  the  C.  G.  S.  system  by  the  rela- 
tion, 1  watt  =  10,000,000  or  10^  C.G.S.  units,  the  unit  of  force  in 
that  system  being  the  dyne,  which  has  the  most  inconvenient  re- 
lation to  any  practical  unit,  either  of  the  English  or  the  metric 
systems,  viz.,  1  dyne  =  1 /980.665  gram,  the  gram  (force)  being  the 
force  that  gravity  exerts  on  a  gram  of  matter  at  a  location  where 
9  =  980.665  centimeters  (  =  32.1740  feet)  per  sec. 

Even  if  the  mechanical  and  electrical  units  were  brought  into 
harmony,  the  fact  remains  that  there  is  no  simple  relation  between 
any  other  energy  unit  and  a  heat  unit  in  either  the  English  or  the 
metric  system;  thus  the  mean  calorie  is  defined  as  4.1834  X  10^  ergs.* 
and  the  B.t.u.  is  equivalent  to  777.54  ft-lb.,  and  the  kilowatt  to 
3415  B.t.u.  per  hr. 

If  there  are  to  be  any  changes  made  in  our  system  of  units,  for 
the  purpose  of  simplifying  arithmetical  work  and  lessening  the  num- 
ber of  factors  of  conversion  that  are  needed,  it  is  suggested  that  an 
attempt  be  made  to  bring  both  electrical  and  thermal  units  into  a 
simple  relation  with  the  English  system.  The  writer  has  discovered 
a  method  of  doing  this  and  wishes  to  submit  it  for  discussion.  He 
calls  it  the  ''Vim  System"  (from  the  Latin,  vis,  force,  power,  energy). 

The  vim  system  has  the  pound, ^  foot,  second  and  volt  as  basal 
units,  and  two  new  basal  units,  the  therm  =  5/7  kilogram  calorie  =  9/7 
B.t.u.,  and  the  vamp  =  1.3558  amperes.  From  these  six  units  are 
derived  the  following: 

1  vim  =  l  ft-lb.  per  sec.  =  l  volt-vamp  (direct-current)  =  1.3558 

watts 
1  kilovim=1000  ft-lb.  per  sec.  =  l  therm 

Equivalents  of  New  and  Old  Units 
1  kilovim  =  1.3.558  kw.  =100/55  h.p. 

*  Steam  Tables  and  Diagrams,  Marks  and  Davis,  p.  92. 
'  Pound  force,  the  force  that  gravity  exerts  on  a  pound  of  matter  at  any  place 
where  fir  =  32. 1740. 
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1  h.p.  =550  ft-lb.  per  sec.  =0.55  kilovim=0.55  therm  =745.7  watts  * 

1  therm  =heat  required  to  raise  1  lb.  water  5/7  deg.  cent,  or  9/7  deg.  fahr.  =9/7 

mean  B.t.u.  =  1000  ft-lb.  per  sec.  =  1  kilovim-second 
1  unit  of  evaporation  (970.4  mean  B.t.u.)  =754.8  therm 
1  vim-second  =  1  volt-vamp  =  l  ft-lb.  =  1/1000  therm 
1  B.t.u.  =777.54  ft-lb.  =7/9  therm=0.77778  therm  t 
1  kw.  =0.73756  kilovim  =  737.56  vim  =  737.56  ft-lb.  per  sec.  =  1.3410  h.p. 
1  ampere  =0.73756  vamp 

All  that  is  needed  to  facilitate  the  introduction  of  the  two  new 
units,  the  therm  and  the  vamp,  is  to  make  a  new  graduation  on  the 
thermometer  scale,  so  that  1  deg.  V  =  5/7  deg.  cent,  or  9/7  deg. 
fahr.  and  a  new  graduation  on  the  ampere-meter,  so  that  1  vamp  = 
1.3558  ampere.  Since  amperes  =  volts  h- ohms,  a  new  unit  of  resist- 
ance, the  vohm  =  0.73756  ohm,  will  be  needed  to  make  vamps  = 
volts -^vohms. 

If  a  new  thermometer  scale  is  adopted  with  the  value  of  the  degree 
taken  at  10/14  deg.  cent.  =  9/7  deg.  fahr.,  the  question  arises  where 
shall  the  zero  be  located.  The  centigrade  scale  is  defective  in  having 
its  zero  at  the  freezing  point  of  water,  making  it  necessary  in  so 
many  cases  to  use  minus  figures.  The  fahrenheit  zero  is  scarcely 
low  enough.  It  would  be  well  to  place  the  zero  of  the  new  ther- 
mometer below  the  freezing  point  of  mercury.  If  we  place  it  at  60 
deg.  below  the  freezing  point  of  water,  we  shall  have  200  as  the 
boiling  point,  and  the  relation  between  the  new  scale  and  the  old 
ones  will  be  expressed  by  the  following  formulae: 

Deg.  V=1.4  C+60  =  7/9  (F-32)+60 
The  zero  of  the  new  scale  will  be  at  —42  6/7  deg.  cent,  and  —45  1/7 
deg.  fahr.    The  relation  of  the  three  scales  is  shown  herewith : 


Deg.  Cent. 

Deg.  Fahr. 

Deg.  Vim 

Deg.  Cent. 

Deg.  Fahr. 

Deg.  Vim 

-50 

-58 

-14 

30 

86 

102 

-40 

-40 

4 

40 

104 

116 

-30 

-22 

18 

50 

122 

130 

-20 

-  4 

32 

60 

140 

144 

-10 

14 

46 

70 

158 

158 

0 

32 

60 

80 

176 

172 

10 

50 

74 

90 

194 

185 

20 

68 

88 

100  • 

212 

200 

The  merits  of  the  proposed  system  are  undeniable.     Two  ques- 

*  This  value,  745.7,  is  correct  if  the  value  of  g  is  taken  at  32.1740. 
fThis  relation  makes  1  therm  =  1000.3  ft-lb.     If  the  equivalent  of  the  B.t.u. 
is  taken  as  777.778  ft-lb.  then  1  therm  =  1000  ft-lb.  exactly. 
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tions  arise  concerning  it ;  (a)  Do  its  demerits,  if  any,  offset  its  merits? 
(6)  Is  it  possible  to  have  a  new  thermometric  scale  and  a  new  ampere 
(the  vamp)  introduced  into  engineering  practice,  and  to  have  people 
think  in  therms,  kilovims  and  vamps? 

George  H.  Bakrus.  It  is  hoped  that  the  members  of  The 
American  Society  of  Mechanical  Engineers  will  not  be  induced 
to  adopt  the  recommendations  of  the  three  electrical  engineers 
constituting  the  Committee  on  Myriawatt,  as  reported  in  the 
resolutions  published  in  the  February  Journal  of  the  Society. 
By  examining  the  preamble  of  the  resolutions  it  will  be  seen  that 
these  recommendations  are  based  solely  upon  the  paper  by 
Messrs.  Stott  and  O'Neill  and  as  no  other  justification  for  the 
conmiittee's  action  is  given,  the  paper  itself  may  properly  be 
analyzed  with  a  view  to  determining  the  exact  merits  of  the 
subject. 

In  the  opening  paragraph,  the  term  myriawatt  is  launched 
upon  engineering  literature  as  "  a  new  unit  of  power."  The 
myriawatt  is  not  a  new  unit.  It  is  no  more  a  new  unit  than  the 
watt,  and  it  is  not  even  a  unit,  because  the  watt  is  the  real  unit, 
and  its  characteristic  as  a  unit  is  in  no  wise  changed  simply 
by  multiplying  it  by  10,  100,  1000,  or  10,000.  A  myriawatt  is 
not  a  whit  more  a  new  unit  of  power  than  a  kilowatt  (and  it  is 
not  by  any  means  so  well  adapted  for  such  a  unit  as  the  kilowatt) 
because  the  prefix  "  myria  "  is  rarely  used  and  comparatively  un- 
known, while  the  prefix  "  kilo  "  is  at  the  end  of  almost  everyone's 
tongue  who  has  to  deal  with  weights  and  measures. 

In  the  same  opening  paragraph  the  paper  next  affirms  that  the 
proposed  new  unit  "  if  adopted  will  afford  a  basis  of  comparison 
of  all  converters  of  energy,  thermal  or  mechanical."  What  is 
the  matter  with  the  watt  or  the  kilowatt  affording  just  such  a 
basis  of  comparison  without  the  adoption  of  anything  new? 
There  is  no  particular  virtue  in  using  10,000  watts  as  a  basis  of 
such  measurement  instead  of  1000  watts,  or  even  1  watt.  The 
watt  is  the  basis  of  them  all  and  that  basis  is  available  now  and 
has  been  available  heretofore  for  anyone  who  cares  to  employ  an 
electrical  unit  for  the  comparison  of  different  forms  of  energy. 

The  same  paragraph  goes  on  to  assert  that  the  proposed  unit 
if  adopted  will  be  "  international  in  its  character."  The  watt 
unit  is  already  international  in  character  just  as  it  has  been  for 
years  past.  Multiplying  this  unit  by  10,000  introduces  not  one 
iota  of  change  in  its  international  characteristics. 
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Continuing  the  first  paragraph,  the  paper  then  proclaims  that 
the  proposed  unit  is  "  merely  a  new  multiple  of  the  watt."  What 
is  there  new  about  the  figure  10,000?  Or,  for  that  matter;  what 
is  there  new  about  any  known  multiple?  Why  all  this  juggling 
of  electrical  language  when  the  whole  matter  avowedly  simmers 
down  to  simply  a  "  multiple  of  the  watt,''  one  of  the  commonest 
of  electrical  standards  ? 

Let  us  now  consider  the  reasons  presented  in  the  paper  for 
adopting  the  proposed  myriawatt  basis  of  boiler  capacity : 

The  first  reason  advanced  is  that  "  laborious  calculations  "  are 
involved  in  the  conversion  of  the  various  power  units  of  differ- 
ent countries  to  the  same  basis  of  comparison.  It  is  quite  true 
that  a  certain  amount  of  calculation  is  required  to  convert  a  re- 
sult figured  on  one  basis  to  that  referred  to  another  basis,  but 
to  affirm  that  the  calculation  is  laborious  or  to  give  the  impres- 
sion that  it  involves  a  number  of  computations  is  wholly  mis- 
leading. There  is  many  an  engineer  who  can  make  such  a  cal- 
culation in  his  head  and  determine  the  substantial  result  almost 
at  a  glance.  It  is  merely  a  question  of  one  simple  multiplication 
and  one  simple  division. 

Second,  in  referring  to  the  use  of  the  expression  boiler  horse- 
power the  authors  make  the  facetious  observation  that  "  one  has 
yet  to  find  where  the  '  horse  '  comes  in."  The  term  myriawatt, 
however,  is  just  as  foreign  to  the  work  of  a  boiler  as  the  appella- 
tion horse.  The  function  of  a  steam  boiler  is  solely  to  evaporate 
water  and  make  steam.  It  does  not  fabricate  watts  any  more 
than  it  breeds  horses,  and  if  it  is  wrong  to  express  its  output  in 
terms  of  horsepower,  it  is  equally  wrong  to  express  it  in  watt- 
power  or  in  myriawatts. 

As  a  third  reason  for  the  adoption  of  the  myriawatt,  the  paper 
refers  to  the  growing  use  of  the  term  kilowatt  which  it  character- 
izes as  "  the  one  unit  of  power  output."  Almost  in  the  same 
paragraph  the  authors  override  this  one  and  only  kilowatt  unit 
of  power  output  and  substitute  the  myriawatt,  stating  as  the  al- 
leged  object  "to  form   a  connection  between   the  boiler 

and  the  generator "  In  other  words  the  kilowatt  connec- 
tion between  the  two,  which  is  already  available  to  those  who 
care  to  make  use  of  it,  is  raised  tenfold,  and  then  it  becomes  the 
one  thing  needed  to  bind  the  two  together.  Why  the  connection 
between  a  boiler  and  generator  secured  by  using  the  multiplier 
10  is  any  different  from  that  secured  without  such  a  multiplica- 
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tion,  is  not  explained,  but  it  may  be  inferred  from  the  stress 
which  is  later  placed  on  the  fact  that  10,000  watts  differs  only 
2  per  cent  from  a  boiler  horsepower,  that  it  is  deemed  advisable 
to  cling  as  closely  as  possible  to  old  associations,  even  to  the  old 
"  horse,"  and  then  give  him  a  kick  and  throw  him  over. 

The  paper  states  that  the  proposed  myriawatt  is  designed  to 
apply  to  the  output  of  a  boiler  or  producer,  which  corresponds 
also  to  the  input  of  all  dynamical  machinery,  and  that  the  term 
"by  its  very  sound  gives  a  clue  to  its  meaning."  The  spoken 
sound  of  the  word  ""  m3a-iawatt "  gives  not  the  faintest  idea 
whether  the  word  refers  to  input  or  output  of  a  boiler  or  pro- 
ducer, any  more  than  it  does  with  reference  to  input  or  output 
of  the  machinery  which  it  supplies.  It  does  not  furnish  even  a 
clue  by  sound  regarding  the  number  of  watts  to  which  it  refers 
such  as  would  appeal  to  ordinary  engineers  and  laymen.  Very  few 
engineers  are  educated  in  Greek  derivatives,  from  one  of  which 
the  term  myria  is  selected.  Engineers  and  laymen  are  familiar 
with  the  word  "  myriad,"  which  is  in  common  use ;  but  this  word 
ordinaril}^  carries  with  it  no  idea  of  a  fixed  number  like  10,000. 
Webster's  dictionary  gives  for  a  first  definition  of  the  word 
myriad  "  a  vast  indefinite  number,"  which  is  a  further  indication 
that  the  mere  sound  of  the  word  myriawatt  furnishes  no  clue 
to  the  meaning  of  the  term,  as  alleged. 

The  paper  submits  an  expression  for  efficiency  percentage, 
based  on  the  use  of  the  proposed  mj^riawatt,  which  is 

10  kw.  output 
myriawatt  input 
This  is  merely  another  node  of  expressing  the  relation 
quantity  of  output 
quantity  of  input 
irrespective  of  the  unit  employed  in  expressing  the  two  quanti- 
ties.    This  efficiency  fraction  referred  to  myriawatts  is  readily 
changed  by  substitution  to  read 

10  kw.  output 
10  kw.  input 
and  the  latter  expression,  after  cancelling  the  two  figures  10, 
becomes  simply 

kw.  output 

kw.  input 

Thus  it  appears  that  the  myriawatt  drops  out  and  becomes  the 
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kilowatt,  and  in  so  doing  it  leaves  a  much  simpler  fraction,  and 
one  unincumbered  by  an  unloiown  or  unrecognized  term.  This 
fact  is  made  doubly  clear  by  the  following  numerical  example : 

Assume  an  output,  measured  at  the  switchboard,  of  1000  kw. ; 
a  steam  consumption,  all-told,  of  20  lb.  per  kw-hr. ;  a  steam 
pressure  of  150  lb.;  a  feedwater  temperature  of  100  deg. ;  and  a 
percentage  of  moisture  in  the  steam  amounting  to  1  per  cent. 
Using  these  data  for  the  computation  of  efficiency,  there  are  cer- 
tain preliminary  calculations  required,  the  first  of  which  is  the 
determination  of  the  heat  units  in  the  steam.  The  number  of 
heat  units  per  pound  of  steam  corrected  for  moisture  is  found  by 
working  out  the  following  calculation,  the  items  given  being 
taken  from  steam  tables : 

r  /  1195  —  338  \] 

(1195-68)x[l-0.0l(^^g^^_   68  )  J 

The  resulting  B.t.u.  becomes  1118.  and  the  heat  units  consumed 
per  hour,  1118  X  20  X  1000  =  22,360,000  B.t.u.  From  this  quan- 
tity the  myriawatt  input  is  obtained  by  dividing  it  by  34,150, 
or  the  B.t.u.  corresponding  to  1  myriawatt.  This  division  gives 
654.7  myriawatts.  Inserting  the  required  data  in  the  formula, 
we  now  have 

Efficiency  percentage  by  myriawatt  expression  = 
10  X  1000 
654Y^=  1^-2  pel'  cent 

By  the  simplified  expression  above  noted  we  have  efficiency  by 
kilowatt  basis  equals 

1000 
-6Mf  =  "■''' 
one  of  these  results  being  expressed  in  percentage  and  the  other 
in  a  decimal  fraction. 

The  example  above  given  reveals  incidentally  that  the  use  of 
the  myriawatt  for  the  purpose  noted  is  by  no  means  the  easy 
problem  which  appears  on  the  face  of  the  formula.  To  deter- 
mine the  number  of  myriawatts,  there  must  first  be  found  the 
heat  consumption.  There  is  no  short  cut  for  this  calculation. 
All  the  elements  illustrated  in  the  example  enter  into  the  de- 
termination. Having  then  found  the  hourly  number  of  heat 
units  consumed,  this  quantity  must  be  divided  by  the  number 
representing  1  myriawatt,  viz.  34,150,  before  the  myriawatt  input 
itself  is  determined. 
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As  a  further  reason  favoring  the  myriawatt,  the  paper  asserts 
that  its  use  saves  the  "  tedious  operation  "  involved  in  finding  the 
heating  surface  of  a  boiler  plant  from  the  kilowatt  output  of  the 
engine,  when  the  engine  efficiency  is  known.  Instead  of  involv- 
ing a  tedious  operation  as  alleged,  one  can  apply  the  boiler  horse- 
power unit  and  make  the  calculation  in  his  head.  It  is  only  a 
matter  of  adding  2  per  cent  to  the  result  obtained  by  the  pro- 
posed myriawatt  method ;  or,  to  express  the  exact  process,  multi- 
plying the  kilowatt  output  by  the  factor 

^  1020 


per  cent  efficiency 
instead  of  the  factor 

1000 


per  cent  efficiency 
The  minute  difference  in  the  element  of  tediousness  involved  in 
these  two  operations  is  microscopic  indeed. 

Coming  to  the  question  of  applying  their  myriawatt  to  the 
efficiency  of  steam  and  gas  power  plants,  the  authors  meet  a 
veritable  Waterloo.  It  is  unequivocally  stated  that  the  myria- 
watt is  the  term  expressing  output  of  steam  boiler  or  gas  pro- 
ducer, yet  when  the  power  plant  is  considered  as  a  whole,  they 
set  aside  this  application  of  the  term,  and  change  the  myriawatt 
to  mean  the  input  of  the  boiler  or  producer  as  determined  from 
the  heat  value  of  the  fuel.  Thus,  strictly  speaking,  the  applica- 
tion of  the  myriawatt  to  the  plant  as  a  whole  makes  the  efficiency 
of  the  boiler  or  producer  100  per  cent — for  the  input  is  the  out- 
put !    The  absurdity  of  this  situation  needs  no  further  comment. 

After  three  times  submitting  the  efficiency  formula  as  applied 
to  various  classes  of  power  development  which  reads 

10  kw.  output 

percentage  of  efficiencv  = ■■ rr—- :~ 

^  '^  ■  myriawatt  input 

the  authors  sum  up  their  conclusions  by  saying,  "  Thus,  in  the 
term  myriawatt  lies  a  simple,  logical,  and  universal  means  of 
comparing  outputs  and  inputs  of  all  classes  of  energy  con- 
verters." The  myriawatt  does  not  furnish  a  means  of  such  com- 
parison when  referred  to  methods  now  in  vogue,  which  is  either 
simple,  logical,  or  universal.  It  is  not  as  simple  a  means  of 
comparison  as  the  accepted  thermal  method.  Thermal  efficiency 
is  given  by  the  expression 

2546.7 
B.t.u.  per  h.p-hr. 
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i.e.,  a  constant  quantity  divided  by  a  single  variable,  the  variable 
being  merely  one  of  the  quantities  regularly  determined  on  a  test. 
The  myriawatt  method  requires  two  variables,  i.e.,  one  variable 
quantity  divided  by  another  variable  quantity,  and  one  of  these 
variables  is  a  new  quantity  not  otherwise  computed  and  requir- 
ing an  independent  calculation. 

Neither  is  the  myriawatt  method  so  simple  as  the  use  of  a  kilo- 
watt basis,  which  has  been  fully  pointed  out. 

The  proposed  method  is  not  as  logical  as  those  now  in  vogue. 
There  is  nothing  logicaf  in  adopting  a  new  unit  of  measure  when 
the  existing  unit  answers  the  same  purpose  in  a  better  manner. 
If  the  input  and  output  require  to  be  expressed  by  electrical 
units,  the  watt  is  the  only  logical  unit;  or  if  a  multiple  of  the 
watt  is  desired,  the  logical  multiple  is  the  kilowatt  which  is  uni- 
versally known  and  perfectly  adapted  to  the  purpose,  and  not  a 
trumped-up  multiple  which  is  recognized  hj  no  one  and  which 
is  in  no  sense  specially  fitted  for  such  use. 

Even  the  watt,  it  must  be  adn  itted,  is  not  a  logical  unit  for 
the  purpose.  There  is  no  characteristic  pertaining  to  electrical 
work,  which  makes  a  watt,  or  any  other  electrical  unit,  a  logical 
representative  of  the  heat  produced  by  the  conibustion  of  coal, 
or  representative  of  the  number  of  pounds  of  water  evaporated 
in  a  boiler,  or  of  the  weight  of  steam  passing  into  an  engine 
cylinder  or  turbine,  or  of  the  number  of  cubic  feet  of  gas  or 
weight  of  fuel  supplied  to  a  gas  or  oil  engine.  Neither  is  there 
any  logical  connection  between  the  electrical  unit  watt,  or  any 
other  electrical  unit,  and  the  power  developed  on  the  shaft  of  a 
prime  mover.  Such  a  unit  is  absolutely  foreign  to  the  principal 
work  required  of  locomotives,  or  that  of  steamship  power  plants, 
or  of  rolling  mill  engines,  of  blowing  engines,  of  air  compressors, 
of  pumping  engines,  or  of  belt-driven  manufacturing  plants,  and 
the  like.  It  is  true  that  some  small  part  of  the  heat  energy  of  an 
electric  power  plant  is  converted  into  electrical  energy,  and  from 
the  viewpoint  of  the  electrical  generator  in  such  cases  the  watt 
seems  on  the  surface  to  be  the  logical  unit  by  which  to  trace  the 
change  of  energy  from  furnace  to  switchboard.  Even  this,  how- 
ever, is  a  very  short-sighted  view  of  the  matter  for  the  reason 
that  out  of  the  total  heat  energy  of  the  coal  consumed  barely  one- 
eighth  reaches  the  bus-bar  in  the  form  of  watts.  The  inventors 
of  the  proposed  myriawatt  expression  may  be  thanked  for  the 
example  given  on  the  closing  page  of  their  paper  which  calls 
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attention  to  this  telling  bit  of  information.  The  watt  output  of 
the  steam  power  plant  referred  to  in  this  example  is  12  per  cent 
of  the  input  at  the  furnace.  We  certainly  do  not  want  the  tail 
end  of  a  few  power  plants  to  be  given  such  a  controlling  influ- 
ence over  the  vast  aggregate  of  power  plants  in  general.  The 
broad  field  of  mechanical  engineering  which  has  to  do  with  meas- 
uring the  various  forms  of  energy  with  which  it  is  so  widely 
concerned,  finds  no  place  for  a  unit  of  comparison  that  is  so 
narrow  in  its  application  as  the  unit  watt. 

The  only  absolutely  logical  method  of  expressing  the  various 
forms  of  energ}^  with  which  power  plant  apparatus  is  concerned, 
is  thus  shown  to  be  the  use  of  some  form  of  heat  measurement. 
Even  the  paper  itself  vouches  for  the  truth  of  this  assertion.  The 
British  thermal  unit  is  the  only  absolute  standard  which  the 
paper  countenances,  and,  what  is  more,  the  underlying  principle 
concealed  within  the  mystical  and  meaningless  flourish  of  myria- 
watts  in  this  paper  is  the  advocacy  of  a  heat  unit  standard  of 
comparison. 

These  are  all  the  reasons  advanced  in  the  paper  in  favor  of  the 
proposed  myriawatt  basis  of  measurement,  and  so  far  as  I  can 
see,  not  a  single  one  justifies  its  adoption. 

Turning  now  to  the  resolutions  adopted  by  the  joint  committee 
reported  in  the  February  Journal,  there  is  no  call  for  the  new 
term  myriawatt  as  applied  to  boiler  capacity  or  to  any  other  meas- 
ure of  thermal  or  mechanical  power  as  referred  to  in  the  first 
resolution,  because  the  familiar  term  kilowatt  is  wholly  ade- 
quate for  the  purpose,  whenever  an}^  such  electrical  quantity  is 
needed. 

As  regards  the  recommendation  contained  in  the  second  re- 
solve that  the  myriawatt  expression  of  thermal  or  mechanical 
power  be  exclusively  used  "  in  connection  with  boilers,  producers, 
turbines,  and  engines."  it  is  almost  preposterous.  There  is  a 
familiar  saying  that  it  is  one  thing  to  lead  a  horse  to  water,  but 
it  is  quite  another  thing  to  make  the  horse  drink.  Such  a  recom- 
mendation by  its  very  nature  is  so  drastic  as  to  defeat  its  own 
object.  Where  is  the  mechanical  engineer  who  will  adopt  the 
term  myriawatt  for  expressing  boiler  input  or  output,  engine  or 
turbine  power,  and  exclude  the  various  familiar  expressions  re- 
lating to  mechanical  energy  at  the  behest  of  this  recommenda- 
tion? Likewise  how  many  steam  users  will  be  content  to  abandon 
the  familiar  term  expressing  the  horsepower  of  a  boiler  and  sub- 
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stitute  myriawatts,  just  because  a  high-tension  electric  imagina- 
tion views  the  boiler  as  a  watt-maker  instead  of  a  steam-maker. 
Mechanical  engineers  have  no  use  for  myriawatts  and  it  is  sin- 
cerely hoped  that  the  Special  Committee  of  Electrical  Engineers 
who  are  trying  to  induce  the  membership  to  adopt  them  in  their 
power  calculations  will  find  their  efforts  have  been  in  vain. 
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ABSTRACT  OF  PAPER 

lu  maiiufacturiug  establisMiieuts  approved  forms  of  construction  and 
complete  fire  protection  have  proved  their  value  not  only  in  reducing  prop- 
erty losses  by  fire,  but  in  promoting  the  safety  of  the  operatives  employed 
as  well.  The  imiDortauce  of  safeguarding  the  vertical  openings  through 
floors  at  stairs  and  elevators  by  placing  them  in  towers  well  cut  off  from 
the  remainder  of  the  building  has  long  been  recognized. 

The  need  of  adopting  similar  safeguards  at  belt  or  rope  drives  was  less 
fully  appreciated,  and  the  introduction  of  such  protection  was  handicapped 
by  the  lack  of  a  construction  suitable  for  use  in  mill  buildings  where  the 
b.elt  or  rope  towers  were  not  provided  for  in  the  original  design.  Parti- 
tions of  expanded  metal  and  cement  construction  2  in.  or  more  in  thick- 
ness have  been  found  well  adapted  for  the  enclosure  of  such  main  drives 
in  existing  buildings.  Such  fire  retardant  partitions  are  also  adaptable  for 
the  enclosure  of  stairways  and  elevators  where  the  hazards  are  not  too 
great  and  where  walls  of  brick  or  of  concrete  caimot  well  be  employed. 
Also  for  the  segregation  of  special  hazards,  the  construction  of  bins  for 
inflammable  stock,  the  separation  of  lacquer  rooms,  and  the  like.  These 
cement  partitions  can  be  installed  at  a  cost  not  greatly  in  excess  of  the 
combustible  forms  of  construction  usually  employed. 
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By  C.  H.  Smith/  Boston,  Mass. 
Non-Member 
The  importance  of  safeguarding  stairways  by  placing  them 
in  towers  well  cut  oft'  from  the  remainder  of  the  building  and  of 
[)rotecting  the  openings  made  by  elevators  through  the  floors  has 
long  been  recognized.    Today  more  than  formerly,  these  features 
are  taken  care  of  in  the  design  of  manufacturing  buildings,  in- 
cluding also  well  arranged  towers  for  the  main  belts  or  ropes 
where  this  method  of  driving  is  employed.     Fig.  1  shows  how 
these  features  may  be  taken  care  of  in  a  textile  mill. 

2  The  following  remarks  apply  more  ])articularly  to  the  older 
manufacturing  buildings  and  to  those  of  more  recent  construc- 
tion where  the  best  principles  of  design  of  stair  and  elevator 
towers  and  belt  and  ropeways  have  not  been  folloAved.  Neglect 
to  safeguard  vertical  openings  through  floors  has  resulted  in  seri- 
ous loss  of  life  among  occupants  of  the  building,  who  found  them- 
selves cut  olf  from  their  accustomed  exits  by  the  rapid  spread 
of  fire  up  through  such  unprotected  openings. 

3  In  mills  insured  with  the  Mutual  companies  stairs  and  ele- 
vators have  generally  been  well  arranged,  and  the  fire  protective 
devices  such  as  automatic  sprinkler  systems,  etc.,  have  shown 
their  value  not  only  in  reducing  the  loss  of  property  by  fire  to 
a  minimum,  but  also  it  has  been  demonstrated  that  approved 
construction,  high  standards  of  general  order  and  neatness  and 
efficient  fire  protection  works  as  well  to  safeguard  the  lives  of 
operatives  employed. 

'  Engineer  and  Special  Inspector,  Associated  Factory  Mutual  Fire  Insur- 
ance Companies,  31  Milk  Street. 
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4  At  the  present  time  there  are  approximately  1,500,000  peo- 
ple employed  in  the  2800  industrial  works  insured  with  the 
Mutual  companies,  located  in  29  states  of  the  Union  and  Canada. 
Since  the  inception  of  the  system  in  1835,  there  have  been  but 
32  deaths  caused  directly  by  fires  in  these  properties  and  21  were 
in  a  fire  in  an  unsprinklered  mill  in  1876  before  sprinklers  were 
in  general  use.     This  would  indicate  that  under  present  condi- 


stair     Dust    Elevator       Belt  or  Rope  Toiver 
Tower     Chy.   APassao/e 

SECTION 


Enof/ne  Mouse 


Fig.  1     Belt,  Stairway  and  Elevator  Towers 


tions,  the  loss  of  life  Avoidd  average  less  than  1  per  year  per 
1,000,000. 

5  Of  the  total  of  32  lives  lost,  poorly  constructed  beltways 
which  allowed  the  rapid  spread  of  smoke  and  liame  were  to  a 
large  extent  responsible  for  the  deaths  of  25  persons.  The  need 
of  safeguarding  the  vertical  openings  through  floors  around  the 
main  driving  belts  had  been  less  fully  appreciated.  Conditions 
at  these  drives  were  aggravated  moreover,  because  it  was  the 
general  custom  to  enclose  the  belts  with  boxes  of  wood,  which 
in  some  cases  were  about  head  high  and  in  others  extended  to 
the  ceiling.    The  boxes  tended  to  become  oil  soaked  and  to  ac- 
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cumulate  lint.  A  fire  once  starting  at  or  near  them  would  rap- 
idly make  headway,  being  carried  by  the  natural  draft  up 
through  the  mill.  Such  a  fire  would  also  be  more  or  less  sheltered 
from  the  action  of  the  sprinklers  in  the  room. 

6  The  recurrence  of  several  large  property  losses  from  this 
source  led  to  consideration  of  this  matter  and  measures  were 
taken  which  have  to  a  great  extent  eliminated  the  open  beltway 
hazard  from  Mutual  rislcs.  In  the  experience  of  these  companies 
there  have  been  about  20  fires  occurring  in  the  vicinity  of  main 


Fig.  2    Section  showing  Belts  and  Wooden  Boxing  before  Fire  of 
September  15,  1907 


drives  in  which  the  open  beltway  was  an  important  factor  in 
the  spread  of  the  fire.  These  20  fires  resulted  in  a  total  loss  of 
$2,721,635,  an  average  of  $136,082  per  fire.  Some  of  the  larger 
of  these  losses  occurred  in  the  days  before  sprinkler  protection 
was  as  complete  as  now,  but  the  statistics  showed  that  even  with 
complete  protection  the  open  beltway  was  a  serious  hazard. 

7  The  last  bad  fire  from  this  source  occurred  September  15, 
1907,  at  a  cotton  manufacturing  establishment  in  Fall  Eiver. 
This  is  a  stone  mill,  339  ft.  long,  74  ft.  wide  and  five  stories  and 
basement  in  height  with  a  4-story  wing,  94  ft.  long  and  65  ft, 
wide,  projecting  from  the  rear  at  the  center  of  the  mill.  The 
engine  room  was  located  in  the  first  story  of  this  wing.     The 
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Door  and  Panel 


iV    o  ,j_  oj_       ,  ,•  t^  .<i Removable Lallarour?d\ 

li  Tap  Bolts,Sta  each  /igrht^-.      [frame  to  hold  in  yvin;dfflasA 


"A'-Reces5  for  Bearing 


I  u 
IronFrame 
Section  F-F 


Z'L--^  ~    Wired Sldss-' 
Section  B-B 

SPECIFICATIONS  FOR  PLASTER 

Scratch  Coat  (To  be  putonfirst}: 
S parts  Portland  Cement.lS parts  Sand.  I  part 
tiydrated  Lime,  sufficient  amount  Hair  to  make 
mortar  work  properly.  Should  be  mixed  in  small 
batches.  No  material  thathas  been  mixed  yvith 
water  loncfer  than  lOmin.  should  be  used. 

Finish  Coat 
(One  coat  iniide  !ione  outside, trowelled  smooth) 
I  part  Portland  Cement,  ^/i0f>art6and.  '/lo 
part  tiydrated  Lime  Paste. 


Stove  Bolts  with  Washers 

Window  (About 3x50 

Framing 


Fig.  3     Details  op  Construction  for  Fire  Retardant  Belt  Enclosures 
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belts  were  boxed  with  Avood  and  most  of  these  were  cut  off  head 
hig^li  in  the  several  stories.  Fig,  2  shows  the  general  arrangement 
of  the  drive. 

8  Sunday  forencKin  a  bearing  in  the  beltway  just  above  the 
flywdieel  was  being  repaired.  While  the  man  doing  the  work 
stated  that  he  had  no  knowledge  of  anything  that  could  cause 
the  fire,  it  is  probable  that  its  origin  was  connected  with  his  work. 
After  completing  the  job  he  left  the  locality.  On  returning  10 
minutes  later,  he  saw  fire  just  below  where  he  had  been  at  work, 
and  gave  the  alarm. 

!)  The  fire  passed  up  through  the  wooden  belt  boxing  into  all 
stories  as  far  as  the  fourth  floor  where  the  drive  terminated.  The 
mill  filled  with  heat  and  smoke  so  rapidly  that  in  5  minutes  no 
c  ne  could  enter  the  rooms.  This  was  in  spite  of  .650  sprinklers 
which  opened,  but  in  justice  to  the  sprinkler  equipment,  it  should 
be  stated  that  the  water  pressure  at  this  mill  was  weak.  A  section 
about  50  ft.  wide  was  badly  burned  on  each  side  of  the  main  drive 
up  through  the  mill. 

10  After  this  fire  plans  were  worked  out  to  enclose  the  main 
drives  with  })artitions  of  a  fire  retardant  character,  so  as  to  ap- 
proximate the  standard  belt  tow^er  with  brick  walls,  such  as  are 
found  in  many  mills  of  modern  design. 

11  The  limitations  of  cost,  available  space,  etc.,  wdiich  prevail 
in  many  places  where  the  belt  tower  is  not  a  part  of  the  original 
design,  make  necessary  special  construction  such  as  w^as  adopted 
in  this  case,  and  has  been  successfully  used  in  many  others  of 
the  older  mills. 

12  The  plan  provided  for  inclosing  the  main  drives  with  par- 
titions of  expanded  metal  and  cement  construction  from  2  in.  to 
2Y2  in.  thick  depending  on  the  story  heights.  A  framework  is 
constructed  of  expanded  metal  wired  to  1  in.  or  II/4  in.  channel 
iron  studs  spaced  12  in.  apart,  and  secured  to  the  floor  and  ceil- 
ing. Longitudinal  stiffeners  of  the  same  material  as  the  studs 
are  used.  Where  necessary,  as  in  the  case  of  a  continuous  parti- 
tiun  of  more  than  10  ft.,  additional  stiffness  is  secured  by  pro- 
viding 214  in.  tee-l)ar  uprights.  On  the  frame  so  constructed 
Portland  cement  mortar  is  a])plied  by  plastering  to  make  a  solid 
partition,  all  of  the  iron  frame  being  embedded  in  the  cement 
with  the  exception  of  the  door  jambs.  These  partitions,  being 
comparatively  light  in  weight,  could  be  set  up  anywhere  on  the 
heavy  mill  floors  without  the  necessity  of  strengthening  them,  al- 
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though  where  possible  it  was  arranged  to  have  the  partitions 
come  over  the  beams.  Although  this  form  of  construction  for 
partitions  has  been  largely  used  and  with  satisfaction,  it  would 
be  possible  of  course  to  employ  some  of  the  special  forms  of 
studding  now  on  the  market  which  combine  the  studs  and  lathing 
in  one  sheet  of  metal.  Details  of  the  construction  used  are  shown 
in  Fig.  3. 

13     While  in  general  the  enclosures  occupy  only  the  floor  space 
necessary  for  the  main  belts,  it  was  endeavored  to  have  them  as 


Wood 

Plank  Tops 
W^^M  Plaster  on  Expanded  Metal 
E^g:'"yj  Galvanized  Iron 


Fig.  4    Section  showing  Main  Drive  as  now  Protected  by  Fire  Retardant 

Enclosures 


roomy  as  conditions  of  machinery  installation  would  permit,  in 
order  to  facilitate  inspection  and  repairs  to  the  main  belts.  Pro- 
vision was  made  for  taking  down  the  lineshafting  without  dis- 
turbing the  body  of  the  partitions,  usually  by  placing  the  fire 
doors  which  gave  access  to  the  enclosure  under  the  lineshaft,  and 
providing  removable  wood  tin-clad  panels  constructed  like  fire 
doors  above  the  latter.  The  main  bearings  were  generally  left 
outside  the  enclosures  and  to  accomplish  this  the  panels  in  front 
of  the  pulleys  were  sometimes  recessed. 

14  It  was  also  the  endeavor  to  arrange  these  enclosures  so 
that  they  would  be  as  well  lighted  as  possible  by  including  in 
them  windows  in  the  side  wall  of  the  building  or  providing  wired 
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glass  windows  in  metal  frames  to  admit  light  to  the  beltway 
from  the  room.  Fig.  4  shows  diagrammatically  the  completed 
Avork  at  the  Fall  Iliver  mill,  and  Figs.  5,  G,  7  and  8  are  photo- 
graphs of  belt  enclosures  in  diiferent  stories.  The  adaptability 
of  the  construction  is  evidenced  in  the  sloping  sides  and  offsets 
which  it  was  necessary  to  make  in  many  cases  on  account  of 
crowded  conditions  in  the  vicinity  of  the  main  belts. 

15  While  there  is  no  claim  that  these  partitions  are  as  effi- 
cient in  withstanding  the  action  of  a  severe  fire  as  a  brick  wall 
would  be,  they  are  undoubtedly  effective  in  preventing  the  dan- 
gerous draft  up  through  an  open  beltway.  In  an  actual  fire  in 
one  of  the  mills  Avhere  this  construction  was  installed  these  en- 
closures were  successful  in  confining  the  fire  to  narrow  limits, 
and  undoubtedly  prevented  a  very  serious  loss. 

16  Stalrwmjs.  Where  interior  stairways  are  not  properly 
enclosed  in  brick  towers,  it  is  possible  to  improve  the  conditions 
with  enclosures  of  the  same  type  of  construction  as  employed  in 
the  beltway  work,  although  it  would  be  much  better  where  the 
ap})roi3riation  can  be  secured  to  build  a  standard  tower  of  brick 
or  concrete,  especially  if  the  mill  is  of  any  considerable  height. 
Placing  the  stairs  and  elevators  in  towers  projecting  from  the 
mill  wall  frequently  results  in  a  gain  of  valuable  floor  space. 

17  The  type  of  stair  tower  that  has  been  developed  in  the 
factory  buildings  at  Philadelphia  is  deserving  of  more  general 
adoption  as  it  combines  with  its  functions  of  a  stair  tower  that 
of  a  fire  escape  in  the  best  sense.  It  consists  essentially  in  a  tower 
separated  from  the  mill  so  that  access  to  it  can  be  had  from  the 
several  floors  of  the  mill  only  from  an  outside  platform  or  from 
a  vestibule  which  is  open  to  air.  Such  a  tower  can  never  become 
filled  with  smoke  from  a  fire  in  the  mill.  Many  of  the  older  mills 
in  other  sections  of  the  country  have  stair  towers  that  can  be 
readily  converted  into  towers  of  the  Philadelphia  type  by  closing 
the  openings  between  the  stair  tower  and  the  mill  in  the  several 
stories  and  arranging  for  an  outside  platform  in  each  story  com- 
municating from  the  mill  to  the  tower. 

18  Elevator  Enclosures.  We  have  also  found  the  use  of  ex- 
panded metal  and  cement  partitions  practicable  for  enclosing 
elevator  wells  that  were  not  properly  protected  in  the  original 
construction  of  the  building,  or  where  they  have  since  been  added. 
The  necessary  openings  at  such  elevator  shafts  should  be  closed, 
preferably  with  wood  tin-clad  doors  of  the  type  which  serve  as 
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safety  gates  as  well.    Where  space  does  not  permit  of  the  instalhi- 
tion  of  such  doors,  rolling:  steel  shutters  arranged  to  he  automat- 


FiG.  o     Harness  Room,  Second  Story,  Directly  over  Flyavheii,  shoavijc 
Protection  of  Belts  leaving  Wheel 


Fig.  G     Weave  Room,  Second  Story.     Note  Fire  Door  with  Removable 
Panels  above  to  allow  Access  to  Pulley  on  Line.shaft 


ically  operative  by  the  melting  of  a  fusible  link,  as  well  as  man- 
ually, can  be  used  providing  the  liazards  of  occupancy  are  not 
excessive. 
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19     Other  Uses.     The  average  cost  of  partitions  of  the  con- 
struction advocated  is  from  30  cents  to  38  cents  per  square  foot. 


Fig.  7    Card  Room,  Third  Story.    Ends  Sloped  to  Economize  Space.    Note 
Wire  Glass  Window  and  Fire  Door  with  Removable  Panels  above 


Fig.  8    Card  Room,  Third  Story.    End  View  of  Belt  Enclosure.    Bearings 

All  Outside 


These  figures  are  for  the  work  in  place  and  include  a  contractor's 
profit.    These  partitions  have  been  used  with  superior  results  and 
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not  greatly  increased  expense  over  ordinary  forms  of  combust- 
ible construction  for  the  purpose  of  separating  special  hazards 
from  the  remainder  of  a  manufacturing  room.  For  such  pur- 
poses as  the  construction  of  bins  to  contain  inflammable  stock, 
the  segregation  of  waste  working  machines,  construction  of  lac- 
quer rooms,  etc.,  uses  are  constantly  being  found  for  this  mate- 
rial in  manufacturing  works. 


THE    LIFE    HAZARD    IN    CROWDED   BUILDINGS 
DUE    TO    INADEQUATE   EXITS 

By  H.  F.  J.  Porter 
ABSTRACT  OF  PAPER 

Some  seven  or  eight  years  ago  the  writer  endeavored  to  empty  a  non- 
fireproof  crowded  factory  building  by  a  fire  drill  and  found  to  his  surprise 
that  a  stairway,  when  the  attempt  was  made  to  use  it  by  a  large  number 
of  people  entering  it  simultaneously  at  different  stories,  had  a  very  limited 
capacity.  He  was  unable  to  empty  the  building  until  practically  a  separate 
stairway  from  each  story  was  introduced,  and  then  the  stream  of  people 
occupying  each  story  flowed  into  its  own  stairway  at  the  top  and  out  at 
the  bottom  without  colliding  with  any  other  people  on  their  way  down. 

The  loft  factory  buildings  have  so  many  stories  that  it  is  impossible  to 
supply  separate  stairways  for  each  story ;  consequently,  some  other  method 
of  giving  safety  to  the  occupants  in  case  of  fire  must  be  adopted.  The  fire 
wall,  bisecting  these  buildings  from  cellar  to  roof,  allows  all  the  occupants 
on  one  side  of  the  wall  to  pass  through  the  wall  and  to  close  the  door,  thus 
emptying  that  side  of  the  building,  which  may  be  20,  30,  40  or  50  stories  in 
height,  in  less  than  a  minute. 
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THE  LIFE  HAZARD    IN  CROWDED  BUILDINGS 
DUE  TO  INADEQUATE  EXITS 

By  H.  F.  J.  Porter,  New  York 
Member  of  the  Society 
Buildings  in  general  are  either  non-fireproof  or  fireproof.  The 
former  can  be  compared  to  a  pile  of  kindling  wood  out  in  the 
open,  sometimes  oil  soaked  and  always  ready  to  be  set  on  fire. 
The  latter  are  comparable  to  a  stove  full  of  fuel  ready  to  be  set 
on  fire.  In  both  cases  the  human  occupants  swarm  around  in 
the  interstices  in  the  pile  of  fuel,  and  as  soon  as  the  fire  starts 
those  caught  in  the  fagots  have  to  work  their  way  down  through 
the  smoke  and  fianies  to  the  ground  to  save  their  lives. 

2  Factory  buildings  in  particular  are  sources  of  great  danger 
to  their  large  number  of  occu})ants,  both  on  account  of  their  non- 
fireproof  construction  and  because  of  the  obstructions  to  rapid 
egress,  due  to  haphazard  placing  of  machinery,  furniture  and 
partitions  and  the  small  number,  size  and  character  of  the  exit 
facilities. 

3  Of  late,  there  has  been  advocated  the  unrestricted  use  of 
fireproof  construction  in  the  buildings  themselves  and  the  author 
has  recommended  the  development  of  a  form  of  exit  drill  of  the 
occupants  of  each  building  to  determine  if,  in  the  case  of  danger, 
they  could  escape  readily  from  the  building  and  if  they  could 
not,  the  alteration  of  the  exits  until  they  could.  By  "  readily  " 
is  meant  within  3  minutes,  for  from  many  conferences  it  was 
found  that  people  do  not  want,  nor  would  it  be  safe,  to  remain 
in  a  burning  building  longer  than  that  time. 

4  The  capacity  of  a  stairway,  if  time  is  not  a  factor  and  a 
stream  of  people  pours  into  it  only  at  the  top  and  out  of  it  from 
the  bottom,  is  unlimited;  but  if  time  is  to  be  considered  the  ca- 
pacity is  limited  by  its  cross-sectional  area.  In  a  multi-storied 
building  with  crowds  of  people  on  each  floor  trying  at  different 
points  in  its  length  to  get  on  to  one  stairway  in  a  limited  time, 
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the  conditions  are  very  different.  If  more  people  try  to  get  on 
to  the  stairs  from  each  floor  than  the  section  between  that  floor 
and  the  floor  below  will  hold,  a  jam  will  occur  so  that  the  flow 
doAvnward  will  cease.  The  capacit}^  of  this  section  is  very 
limited. 

5  A  crowd  of  people  does  not  flow  like  a  liquid  composed  of 
round  smooth  molecules.  Their  soft  bodies  are  angular  in  shape 
more  like  pieces  of  rubber  with  wires  in  them  and  they  there- 
fore interlock.  Clothes  present  rough  surfaces  causing  friction 
and  if  the  stairway  is  narrow  an  arch  is  apt  to  form  across  it 
which  can  become  an  obstruction  in  case  of  pressure  from  above 
such  as  actually  to  burst  the  stair  rail  or  enclosing  partition. 

6  The  capacity  of  a  stairway  of  the  average  height  of  from 
10  to  12  ft.  between  floors  and  not  less  than  22  in.  wide  would 
be  one  person  on  every  other  step  or  10  and  12  per  floor  respec- 
tively, and  if  the  width  is  doubled  (not  less  than  44  in.)  so  that 
two  people  can  come  down  abreast,  twice  those  numbers  or  20 
and  24.  If  a  stairway  has  winders  in  it,  its  capacity  is  reduced 
50  per  cent.  One  person  can  descend  a  single  flight  of  such  steps 
10  to  12  ft.  high  in  10  seconds,  striking  a  gait  which  he  can  main- 
tain for  seven  or  eight  flights  of  steps.  After  that  he  goes  slower, 
making  the  tenth  flight  in  about  11  or  12  seconds.  Every  person 
added  in  single  file  adds  1  second  to  this  time.  A  double  file 
takes  no  longer  if  the  stairs  are  double  Avidth.  Thus  it  will  take 
10  seconds  for  10  or  20  people,  that  is,  the  full  capacity  of  a  flight 
of  steps,  to  come  down  one  story.  The  capacity  of  a  stairway 
may  be  thus  increased  by  widening  it  in  multiples  of  22  in.  A 
crowd  of  people  cannot  be  depended  upon  to  come  down  more 
than  ten  stories.  One  or  more  of  them  will  give  out,  and  demand 
the  attention  of  others.  Those  Avho  do  get  down  will  be  severely 
taxed.  The  total  time  required  to  empty  a  building  is  deter- 
mined by  the  time  required  to  empty  either  the  floor  farthest 
from  the  ground  or  the  floor  occupied  by  the  greatest  number  of 
people. 

FORMULA   FOR  EMPTYING  A   FLOOR  BY  ONE  STAIRWAY 

Number  of  couples   (number  of  people  divided  by  2) c 

Time  of  formation  in  line  after  signal,  seconds 10 

Time  one  couple  takes  to  march  to  top  of  stairs,  seconds 10 

Time  each  couple  takes  to  pass  through  door  at  top  of  stairs,  seconds. . .     1 

Number  of  stair  flights  (one  less  than  number  of  floors) / 

Time  of  one  couple  to  descend  one  flight  of  stairs,  seconds 10 

Time  of  one  couple  to  go  from  foot  of  stairs  to  street,  seconds 10 
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Total  time  =  T  =  30  +  cl  +  /lO 
Examjjle     Time  of  empyting  100  people  from  tenth  floor 
2'  =  30  4-  50  4-  90  =  170  seconds  —  2  minutes,  50  seconds 
Example    Time  of  emptying  a  ten-story  building  with  20  peo- 
ple on  each  floor  is  the  same  as  emptying  20  people  from  tenth 
floor 

r  =:  30  -f  10  -f  90  =  130  =  2  minutes,  10  seconds 

7  Tests  of  the  capacity  of  fire  escapes  in  a  limited  time  gave 
the  following  results:  A  straight  ladder,  2  per  floor;  ladder  set 
at  50  to  60  deg.  with  the  horizontal  requiring  people  to  go  down 
backwards  3  to  4  per  floor;  stairs  30  in.  wide,  10  to  12  per  floor; 
and  the  modern  outside  stairway  with  a  mezzanine  platform  40 
in.  wide,  20  to  24  per  floor,  the  same  as  an  inside  stairway.  Fire 
escapes  are  usually  so  exposed  to  flames  from  windows  opening 
upon  them  that  they  are  more  often  fire  traps  than  fire  escapes. 
They  should  be  prohibited  by  laAv  and  safer  methods  of  escape 
provided. 

8  In  order  to  insure  the  safety  of  the  occupants  of  a  building 
in  case  of  emergency  one  of  two  things  has  to  be  done:  {a)  there 
should  be  two  stairways  so  that  if  one  is  cut  off  by  flames  or  smoke 
the  other  can  be  used  and  the  number  of  occupants  reduced  on 
each  floor  to  meet  the  limited  capacity  of  the  part  of  the  stair- 
way between  floors,  or  {h)  the  number  of  stairways  increased  so 
as  to  have  two  separate  and  independent  stairways  from  each 
floor  to  the  ground  with  its  own  exit  from  the  building.  People 
can  then  pour  into  the  top  of  whichever  one  is  not  cut  off  by  the 
fire  and  continue  dow^n  and  out  at  the  bottom  without  colliding 
with  those  from  any  other  floor.  Fire  drills  installed  under  either 
of  these  conditions  worked  more  or  less  satisfactorily,  and  the 
author  tried  unsuccessfully  for  years  to  have  ordinances  passed 
in  New  York  City  and  legislation  enacted  at  Albany,  making 
them  mandatory,  but  the  expense  of  changes  in  the  buildings  and 
the  idea  of  having  employees  walk  out  of  a  factory  while  manu- 
facturing operations  were  under  way,  upon  the  sounding,  of  an 
unexpected  signal,  did  not  appeal  to  factory  proprietors  as  prac- 
tical. It  required  holocausts  in  Ncav  Jersey,  Pennsylvania  and 
New  York  finally  to  bring  about  the  legislation  in  those  states. 

9  As  time  passed,  however,  the  author  developed  what  might 
l)e  termed  an  exit  test  in  factories  which  presented  the  oppor- 
tunity and  found  to  his  astonishment  that  almost  without  excep- 
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tion,  exit  facilities  adequate  for  handling  the  regular  number  of 
occupants  under  emergency  conditions,  were  lacking. 

10  This  situation  has  probably  developed  Avith  the  rapid 
growth  of  industry  where  a  factory  building  had  been  built  to 
accommodate  a  certain  number  of  people,  and  then,  as  the  busi- 
ness grew,  more  people  were  accommodated  without  realizing 
that  each  additional  person  became  an  increment  of  danger  to 
all.  Or,  if  the  danger  was  at  all  appreciated,  some  means  of 
escape  from  windows  was  supplied  which  might  be  anything 
from  a  rope  to  a  ladder.  After  this  condition  had  become  gen- 
eral it  crystallized  into  custom,  and  new  buildings  with  exit 
facilities  inadequate  for  their  occupancy  were  designed,  erected 
and  accepted  as  safe.  Ropes  were  followed  by  ladders,  and  these 
in  turn  by  fire  escapes  which  became  in  time  an  established  neces- 
sity. 

11  Engineers,  when  called  upon  to  supply  a  mechanism,  are 
expected  to  have  it  subjected  to  a  working  test,  which  it  must 
pass  before  they  get  paid  for  it;  but  architects  and  builders  have 
never  been  called  upon  to  demonstrate  by  actual  test  that  the 
facilities  which  they  have  supplied  in  their  buildings  for  the 
purpose  of  emptying  them  under  emergencj'^  conditions  will 
actually  work,  and  this  notwithstanding  repeated  instances  of 
panic  congestion  on  stairs,  of  people  being  burned  to  death  on 
fire  escapes,  of  elevators  sticking  from  the  warping  of  their  run- 
ways from  heat,  etc. 

12  "^Vlien  subjected  to  test  these  exit  facilities  in  many  build- 
ings have  been  found  to  be  entirely  wanting  in  adequacy,  and 
when  this  fact  Ay  as  brought  to  the  attention  of  those  who  were 
responsible,  it  has  been  surprising  to  find  how  readily  they  ac- 
cepted the  criticism.  On  the  other  hand,  those  who  possess  these 
unemptiable  buildings  are  skeptical  of  such  statements  and  un- 
willing to  be  persuaded  that  the  buildings  are  not  safe.  They 
point  to  all  the  other  buildings  erected  by  reputable  architects 
and  builders  and  naturally  are  incredulous. 

13  In  order  to  euipty  these  buildings,  additional  stairways 
had  to  be  built  and  fire  drills  developed  to  take  the  people  out. 
Such  changes  in  the  building  are  expensive,  for  two  stairways 
have  to  be  installed  from  each  floor  to  the  ground,  so  that  if  one 
is  cut  off  by  a  fire,  the  other  can  be  used.  In  many-storied  build- 
ings the  number  of  stairways  required  becomes  impractical.  In 
addition  fire  drills  are  expensive  to  operate,  for  they  involve  not 
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only  loss  of  time  of  operatives  and  a  break  in  the  continuity  of 
the  process  of  manufacture,  but  the  actual  going  down  stairs  and 
return  of  people,  some  of  whom  may  be  lame,  others  affected  by 
weak  hearts  or  lungs,  others  anaemic  or  organically  weak,  reduce 
the  efficiency  of  the  working  force  for  a  very  appreciable  time. 
If  the  drill  takes  place  at  the  end  of  the  day  this  criticism  might 
be  modified  slightly. 

14  Such  is  the  situation  in  the  usual  type  of  factory  building 
to  be  found  in  the  average  town  where  ground  is  cheap,  build- 
ings large  and  stairways  broad.  Turning  now  to  the  loft  build- 
ing used  for  factory  purposes,  the  conditions  as  regards  empti- 
ability  are  found  to  be  very  much  worse  and  have  to  be  corrected 
in  a  different  manner. 

15  Let  us  consider  for  the  moment  a  one-story  or  ground- 
floor  factory  building  with  a  doorway  at  each  side,  one  of  which 
is  cut  off  by  a  fire.  The  people  can  march  out  horizontally 
through  the  other  doorway  and  nothing  will  impede  this  hori- 
zontal exit  except  the  size  of  the  doorway.  If  this  is  22  in.  wide, 
a  single  file  of  people  can  pass  out  in  an  orderly  manner  at  the 
rate  of  one  person  every  second.  If  it  is  44  in.  wide,  a  line  of 
people  two  abreast  can  pass  out  in  the  same  time.  One  hundred 
people  can  make  their  exit  through  one  44-in.  door,  therefore,  in 
50  seconds,  or  say  one  minute. 

16  Now  put  another  factory  on  top  of  this  one  with  one  hun- 
dred people  in  it.  The  doorway  at  each  side  will  have  to 
open  on  stairways  wdiich  lead  down  to  the  doorways  consti- 
tuting the  exits  from  the  factory  below.  Suppose  a  fire  occurs 
on  the  floor  below,  cutting  off  one  of  these  exits,  the  100  people 
on  the  lower  floor  immediately  proceed  to  make  their  horizontal 
exit,  while  those  on  the  upper  floor  proceed  to  make  a  vertical 
dowuAvard  exit  to  reach  the  doorway  out  of  which  those  below 
are  moving.  The  result  is  of  course  a  collision,  the  stream  of 
people  from  upstairs  coming  down  upon  the  stream  of  people 
on  the  ground  floor  on  their  way  out.  This  collision  prevents 
both  the  up-stairs  stream  from  coming  down  and  the  down-stairs 
stream  from  going  out.  There  is  a  complete  lock,  and  the  build- 
ing does  not  empty. 

17  Not  only  have  we  put  one  factory  on  another  in  the  case 
of  our  loft  building,  but  we  have  i^iled  factory  on  factory  until 
we  have  from  10  to  30  and  more,  one  on  top  of  the  other;  and 
each  employing  from  100  to  300  or  more  people.     In  cases  of 
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emergency  as  in  the  Asch  Building  fire,  there  are  only  two 
courses  for  the  occupants:  one  is  to  burn  to  death,  and  the  other 
to  jump  to  death — "  to  burn  up  or  jump  down." 

18  It  is  impossible  to  reduce  the  number  of  people  per  floor 
to  the  capacity  of  the  stairs,  say  24  per  floor.  Even  if  that  num- 
ber would  be  all  that  a  business  required,  in  case  of  emergency 
they  would  have  to  go  down  stairs,  and  it  is  a  physical  impossi- 


FiG.  1    Floor  Plan  of  Typical  Loft  Building  Showing  Fire  Wall  with 

Doorways 


bility  for  people  to  stand  the  exertion  of  a  trip  down  more  than 
ten  stories  without  resting;  and  when  they  stop  to  rest  they  block 
the  stream  and  obstruct  its  exit.  Under  these  circumstances  it 
is  necessary  to  develop  some  other  method  for  people  in  high 
buildings  to  secure  safety.  The  following  suggestion  is  offered 
to  meet  the  situation : 

19  It  has  been  seen  that  a  horizontal  escape  by  people  on  the 
ground  floor  is  readily  secured.  Let  us  see  if  a  horizontal  escape 
<o  safety  for  people  at  any  height  from  the  ground  can  be  devel- 
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Oped.  Suxjpose  a  wall  is  built  across  the  building  from  cellar 
to  roof  practically  bisecting  it  in  a  way  so  as  to  have  a  stairway 
and  elevator  on  each  side.  This  wall  should  have  at  least  two 
doorways  in  it  at  a  considerable  distance  from  each  other  and 
closed  by  self-closing  fireproof  doors  (Fig.  1). 

20  It  is  improbable  that  a  fire  will  occur  on  both  sides  of  this 
wall  simultaneously.  It  could  occur  only  by  incendiary  origin, 
and  that  would  hardly  be  possible  in  working  hours.  Should  one 
occur  on  either  side,  the  people  on  that  side  would  go  through 
the  doorways  in  the  fire  wall,  close  the  doors  after  them  and 
be  perfectly  safe.  That  half  of  the  building  in  which  the 
fire  might  be  should  be  emptied  in  less  than  a  minute  if  there 
were  no  more  than  100  people  on  each  floor  to  pass  through  one 
doorway  44  in.  wide.  If  the  principle  of  the  horizontal  escape 
presented  by  the  fire  wall  is  included  in  the  design  of  new  build- 
ings a  most  satisfactory  method  of  securing  safety  at  compara- 
tively small  expense  will  be  offered. 

21  In  eA'ery  way  possible  the  horizontal  escape  should  be  de- 
veloped in  old  buildings  and  the  vertical  escape  subordinated. 
Factory  buildings  adjoining  one  another  may  have  doorways 
through  their  sides  connecting  them  on  various  floors  closed  by 
fireproof  self-closing  doors,  or  may  be  connected  by  outside  bal- 
conies built  around  the  party  walls;  or,  if  of  diiferent  heights, 
doors  in  the  sides  of  one  may  lead  out  on  the  roofs  of  the  others. 

22  The  fire  wall  bisecting  the  building  as  described  makes 
practically  two  buildings,  each  provided  with  elevators  and  stair- 
ways. A  fire  on  one  side  of  the  wall  would  be  confined  to  half 
the  building,  and  therefore  the  property  loss  would  be  reduced 
one-half.  Only  one-half  the  people  would  be  endangered  and 
have  to  move,  and  the  distance  they  would  have  to  go  would  be 
'only  one-half  what  it  would  be  if  they  were  on  the  ground  floor 
of  a  building  without  a  fire  Avail.  They  could  remain  on  the 
same  floor  till  the  fire  was  extinguished,  or  could  go  down  to 
the  ground  by  the  elevators  operating  under  normal  conditions. 

23  The  fire  wall  eliminates  the  necessity  for  a  fire  drill  with 
its  accompanying  objections.  Of  course  all  buildings  occupied 
by  many  people  should  have  a  fire  alarm  signal  system  in  them 
to  advise  the  people  promptly  of  their  danger.  In  buildings 
where  there  is  a  fire  wall  the  signals  shoidd  be  arranged  so  that 
in  case  a  fire  should  occur  on  one  side  of  the  fire  wall  on  any 
floor,  a  bell  on  each  floor  on  the  same  side  of  the  fire  wall  would 
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ring,  indicating  on  which  floor  the  fire  is.  Then  all  the  people 
on  that  floor  and  above  it  should  pass  through  the  fire  wall  and 
close  the  doors.  Those  below  need  not  disturb  themselves  until 
the  fire  threatens  them,  and  then  they  too  can  pass  through  the 
fire  wall. 

24  There  are  certain  other  safety  devices  which  should  be 
supplied  in  factories  to  protect  the  lives  of  the  operatives  from 
fire.  One  of  these  is  metal-framed  windows  with  wire  glass. 
These  are  made  so  as  to  close  automatically  in  case  of  fire,  thus 
preventing  the  latter  from  spreading  upwards  from  floor  to  floor 
outside  side  of  the  building. 

25  Another  safety  device  is  automatic  sprinklers  which  serve 


Fig.  2     Department  Store  Floor  Plan  Showing  Present  Arrangement 
OF  Fire  Walls,  Elevators  anu  Stairs 


to  extinguish  fires  in  their  incipieucy.    All  doors  should  be  made' 
to  swing  outward,  and  where  they  open  on  a  hall  or  stair  land- 
ing they  should  be  vestibuled,  so  as  not  to  obstruct  the  passage 
way.     Sliding  doors  should  be  avoided  if  possible,  as  they  are 
apt  to  stick  or  jam  by  pressure  of  people  upon  them. 

26  Each  floor  of  our  typical  loft  buildings  is  say  100  ft.  by 
100  ft.  by  10  ft.  and  therefore  contains  100,000  cu.  ft.  of  air.  The 
laws  of  New  York  and  many  other  states  require  250  cu.  ft.  of 
air  per  person  as  a  limitation  of  occupancy.  This  limits  the 
number  of  people  ])er  floor  in  a  building  of  this  size  to  400  and 
if  the  stairways  were  44  in.  wide  (and  there  are  none  now  over 
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3()  ill.)  at  most  only  40  per  floor  could  possibly  go  down  them 
even  if  the  other  360  would  let  them. 

27  With  the  fire  wall  only  200  of  the  400  people  on  each  floor 
would  ha\e  to  move,  and  if  there  were  tw^o  doorways  in  the  fire 
Avail  at  some  distance  from  each  other,  they  could  reach  safety 
through  them  in  one  minute,  or  if  one  were  cut  off  by  the  fire, 
all  could  pass  through  the  other  easily  in  two  minutes.  More 
doorways  can  be  introduced,  and  thus  the  time  of  exit  could 
be  lowered  still  further. 

28  An  effort  is  being  made  to  increase  the  amount  of  air 
space  required  per  person  from  250  to  500  cu.  ft.,  which  would 
reduce  the  number  of  people  per  floor  to  200,  of  whom  only  100 
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Fig.  3     Suggested   Arrangement  of  Fire   Walls,  Elevators  and  Stairs 
FOR  Department  Store 


would  have  to  move,  and  they  could  easily  reach  safety  in  one 
minute. 

29  The  stairways  and  elevators  should  be  inclosed  in  fire- 
proof walls  to  prevent  a  fire  on  one  floor  continuing  upward  and 
setting  the  other  floors  on  fire.  The  ceiling  of  the  basement  where 
the  machinery  is  located  should  be  fireproof,  and  should  not  be 
pierced  inside  of  the  building,  so  that  a  fire  there  would  not  reach 
the  elevator  shafts. 

30  Fire  escapes  which  are  simply  stairs  and  possess  danger- 
ous features  not  only  of  limitations  as  to  size,  but  of  accessibility 
for  flames  and  smoke,  should  be  looked  upon  as  evidence  of  the 
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incompetence  or  ignorance,  or  worse,  of  the  architect,  builder, 
or  owner,  and  prohibited  by  law  under  a  heavy  fine.  They  are 
not  only  dangerous  to  life  by  giving  a  false  confidence  in  their 
adequacy  for  escape,  but  they  destroy  the  appearance  of  the 
building.  Our  cities  should  be  built  without  such  architectural 
blemishes. 

31  Fire  escapes  of  the  chute  type  are  tubes  with  a  smooth 
helix  instead  of  steps.  If  the  only  opening  is  at  the  top  they  have 
considerable  capacity.  They  soon  rust,  however,  and  at  best  are 
not  to  be  considered  seriously  in  comparison  with  other  means 
of  safe  exit.  People  cannot  enter  them  at  different  floors  while 
a  stream  of  people  is  passing  down  from  above. 

32  The  smoke-proof  tower,  claimed  to  have  originated  in 
Philadelphia,  is  the  latest  improvement  in  the  line  of  fire  escapes. 
It  is  simply  an  enclosed  stairway  on  the  outside  of  a  building, 
but  cannot  be  reached  except  by  going  out  of  doors.  Its  special 
claim  is  that  smoke  and  flames  cannot  get  into  it.  It  has,  how- 
ever, no  more  capacity  than  any  other  stairway,  and  as  its  ap- 
proach is  always  open  to  the  weather  and  its  interior  is  always 
more  or  less  dark,  it  is  never  used  in  ordinary  service  and  be- 
comes neglected.  These  monuments  to  architectural  incom- 
petency can  be  seen  here  and  there  filled  wdth  the  dust  and  ac- 
cumulated rubbish  of  every  unused  open  space.  When  a  time 
arrives  for  using  them  everybody  has  forgotten  their  existence. 
During  the  last  year  or  two,  notwithstanding  the  protests  of 
many,  a  great  many  new  buildings  have  been  constructed,  espe- 
cially in  New  York  City,  with  these  monstrosities  on  them,  and 
have  been  accepted  by  the  Building  Department  in  all  serious- 
ness. 

33  The  fire  Avail  should  be  introduced  into  all  buildings 
where  the  public  congregates  in  large  numbers.  Large  depart- 
ment stores,  which  on  certain  days  are  said  to  accommodate  sev- 
eral thousand  people  per  floor,  are  very  dangerous  places  at 
present.  A  fire,  or  a  panic  without  a  fire,  might  cause  a  fearful 
tragedy.  It  is  criminal  for  their  owners  to  object  to  fire  Avails 
and  offer  as  an  excuse  that  they  would  obstruct  the  vista.  Cer- 
tain cities  require  fire  Avails  in  such  buildings  now  as  a  property 
protection,  and  the  \nsta  is  dispensed  with  without  comment. 
The  department  stores  of  Philadelphia  are  so  divided;  John 
Wanamaker's  new  store  there  is  divided  by  two  such  walls  as 
shown  in  Fig.  2.     The  exit  facilities  in  it,  howcA^er,  are  badly 
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arranged,  for  the  architect  apparently  did  not  think  of  the  life 
hazard  of  its  occupants,  and  designed  the  fire  walls  to  protect 
property  only.  Fig.  3  shows  how  the  building  might  be  rede- 
signed so  as  to  be  safer.  It  should  be  noted  that  the  elevators 
are  removed  from  the  fire  wall  so  that  people  trying  to  go  down 
in  them  would  not  block  the  doorways  of  the  fire  wall  and  pre- 
vent others  coming  through  them.  The  stairways  are  situated 
as  far  from  the  fire  wall  as  possible  and  should  be  enclosed  by 
fireproof  partitions. 

34  Churches,  assembly  halls  and  similar  ground-floor  build- 
ings should  have  their  floor  fireproof  and  unpierced  so  that  any 
fire  occurring  in  the  basement  would  not  endanger  the  occupants 
of  the  main  building. 

35  Moving  picture  buildings,  theaters,  etc.,  should  be  rede- 
signed (Fig.  4).  People  come  out  of  them  by  the  way  they  go 
in,  and  in  case  of  emergency  all  crowd  into  the  narrow  aisles. 
These  aisles  should  be  turned  across  the  room  and  lead  directly 
to  courts  opening  on  the  street  in  a  Avay  such  that  streams  of 
people  will  not  collide.  The  various  balconies  and  galleries 
should  have  foyers  behind  fire  walls  with  separate  stairs  and 
street  exits  so  that  patrons  will  not  have  to  mingle  Avith  those 
making  their  exit  from  the  lower  floors. 

36  Every  school  building  should  be  divided  by  a  fire  wall 
providing  a  horizontal  exit  on  each  floor,  so  that  the  children 
will  not  have  to  be  drilled  to  go  down  stairs  in  case  of  fire. 

37  Hospitals  where  the  inmates  are  bedridden,  blind,  lame, 
invalid,  imbecile,  or  otherwise  helpless,  can  be  made  safe  by  the 
introduction  of  the  fire  wall  between  wards,  and  in  case  of  fire 
those  who  are  bedridden  can  be  wheeled  on  their  beds  through 
the  doorways,  and  those  who  are  up  and  about  can  walk  through 
them. 

38  Hotels  and  apartment  buildings  can  so  easily  have  a  fire 
wall  developed  in  them  that  it  need  only  be  referred  to  here  in 
passing.  Even  the  private  residence  where  only  a  few  people 
occupy  a  floor  can  be  made  safe  in  this  Avay.  The  back  stairway 
should  be  enclosed  in  a  fireproof  partition,  and  in  case  of  a  fire 
instead  of  eA^erybocly  having  to  go  down  stairs  through  the 
smoke  and  flames,  or  having  to  jump  from  windows,  the  people 
on  each  floor  have  simply  to  pass  through  the  fireproof  door  and 
go  down  stairs  in  safety.  In  large  residences  where  there  is  a 
servants'  quarters  in  connection  Avith  the  back  stairs,  the  build- 
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iiig  would  be  bisected  and  the  people  on  either  side  of  the  wall 
would  be  able  to  carry  their  clothing  and  perhaps  much  house- 
hold and  personal  property  to  safet}^ 

39  Two  years  ago  the  National  Fire  Protection  Association 
appointed  a  committee  of  which  the  author  was  a  member  to 
draft  suggestions  for  the  organization  and  execution  of  fire 
drills.  This  committee  made  its  report  to  the  annual  meeting 
of  the  association  held  in  Chicago  last  May,  and  it  was  adopted 
with  slight  modifications.  A  prefatory  note  to  this  report  is  as 
follows : 

Many  so-called  fire  drills,  outside  fire  escapes,  and  similar  practices  and  de- 
vices are  generally  insufficient,  often  dangerous,  and  therefore  misleading  sub- 
stitutes for  rational  exit  facilities,  and  are  a  manifestation  of  improper  design 
and  construction  of  our  buildings.  A  stairway  connecting  many  stories  will 
accommodate  only  a  limited  number  of  people.  Stairways  are,  therefore,  dan- 
gerous means  of  exit  for  crowds.  Congestion  is  bound  to  occur  in  them  when 
used  under  stress  of  excitement  owing  to  their  limitations. 

The  primary  object  of  the  exit  drill  is  to  determine  if  the  building  is  properly 
designed  so  that  in  the  emergency  of  a  fire  its  occupants  would  be  able  to  efi'ect 
their  escape  readily  without  the  probability  of  injury  from  stairway  or  other 
congestion  which  inevitably  causes  panic.  This  test  should  be  occasionally 
repeated  to  insure  the  continuous  maintenance  of  safe  conditions. 

40  The  author  advocates  legislation,  requiring  (a)  that  archi- 
tects and  builders  be  prohibited  from  designing  buildings  which 
cannot  be  emptied  within  3  minutes  after  a  given  signal;  (b) 
that  the  municipal  authorities  be  required  to  institute  an  exit 
test  in  each  building  to  determine,  before  it  is  accepted,  if  it  can 
be  emptied  of  its  occupants  in  3  minutes.  If  it  cannot  pass  this 
test  it  will  not  be  accepted  and  must  be  altered  until  it  can  pass 
the  test,  (c)  Afterwards  the  proper  authorities  will  be  re- 
quired to  repeat  the  exit  test  from  time  to  time,  to  see  that  the 
safe  conditions  originally  established  are  maintained. 


PRACTICAL    OPERATION    OF   GAS   ENGINES 
USING  BLAST-FURNACE  GAS  AS  FUEL 

BY   CHARLES    C.    SAMPSON 

ABSTRx\CT  OF  PAPER 

The  paper  discusses  the  following  features  upou  which  tlie  operation 
of  gas  engines  using  blast-furnace  gas  as  fuel  depends :  present  methods, 
improved  apparatus,  gas  mains,  suggested  improvements  in  scrubber  de- 
signs, gas  regulation,  protection  from  freezing,  signal  systems,  protection 
from  explosions,  and  the  value  of  operation  records. 

Under  the  engines  themselves  are  considered  the  operators,  air  starting 
system,  water  jacket  cleaning,  cylinder  oil,  engine  oil  and  engine  oil  sys- 
tems, ignition  and  preniaturing. 


765 


PRACTICAL  OPERATION  OF  GAS  ENGINES 
USING  BLAST-FURNACE  GAS  AS  FUEL 

By  Charles  C.  Sampson,  Joliet.  III. 
Member  of  the  Society 

The  question  of  the  operation  of  gas  engines  using  blast-fur- 
nace gas  as  fuel  includes  several  important  factors  outside  the 
actual  operation  of  the  engines  themselves.  It  will  therefore  be 
aside  from  the  present  purpose  to  do  more  than  state  that  the 
usual  blast-furnace  gas  has  the  following  composition : 

Per  Cent 

Carbon   monoxide 23 

Carbon  dioxide 12 

Hydrogen 2 

Methane 2 

Vapor  of  water 3 

Nitrogen 58 

and  a  calorific  or  heating  value  of  about  900  cal.  per  cu.  m.,  and 
gives  a  consumption  of  3  cu.  m.  per  i.h.p.  in  the  engine. 

CLEANING    OF    THE    GAS 

2  One  of  the  most  important  of  these  factors  and  one  which 
held  back  the  general  use  of  these  engines  many  years  is  the 
cleaning  of  the  gas.  As  delivered  by  the  furnaces  to  the  down- 
comer  the  gas  contains  normally  from  3  to  10  grains  of  dust  per 
cubic  foot  of  dry  gas,  but  at  times  of  slips  or  other  sudden 
changes  in  the  furnace,  it  carries  much  more.  For  use  in  engines 
the  gas  must  be  cleaned  at  most  to  0.02  grains  of  dust  to  satisfy 
the  requirements  of  the  engine  builders,  but  even  this  figure  is 
too  high  to  satisfy  the  operating  engineer  since  it  is  possible  to 
clean  the  gas  to  0.005  or  0.006  grains  per  cu.  ft.  with  great  benefit 
to  the  engines. 

3  The  method  of  cleaning  most  used  at  present  has  three 
stages:  (a)  dry  cleaning  to  li/o  to  2  grains  per  cu.  ft.  which  is 
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always  done  by  the  blast-furnace  department;  (5)  primary  wash- 
ing in  static  washers  to  about  0.15  grains  per  cu.  ft. ;  (c)  dynamic 
or  mechanical  cleaning  in  highly  developed  machines  to  0.015 
or  less.  The  last  stages  are  usually  handled  by  the  gas-engine 
departments,  though  as  the  furnace  men  realize  more  and  more 
that  a  cleanliness  of  0.2  grains  per  cu.  ft.  or  less  is  of  great  benefit 
to  the  stoves  and  boilers  they  Avill  take  over  the  second  stage, 
leaving  only  the  final  cleaning  for  the  gas-engine  department. 

4  The  dry  cleaning  is  done  in  dry  dust  catchers,  the  standard 
design  being  a  large  diameter,  vertical,  cylindrical  shell  into 
which  the  gas  enters  tangentially  near  the  top  and  leaves  through 
a  vertical  outlet  pipe  which  extends  about  two-thirds  down  from 
the  top.  These  dust  catchers  remove  the  heavier  particles  of  dust, 
but  their  efficiency  is  only  about  SO  per  cent  as  they  pick  up,  or 
perhaps  do  not  drop,  the  finer  dust  which  is  carried  on  by  the 
upward  current  of  gas  to  the  outlet. 

5  The  refinement  of  design  in  dry  cleaners  has  advanced  ma- 
terially in  the  past  three  or  four  years,  as  shown  in  the  modern 
apparatus  residting  from  the  careful  study  of  the  problem.  One 
of  the  latest  of  these  is  the  centrifugal  dust  catcher  shown  in 
Fig.  1.  This  device  makes  use  of  the  centrifugal  separation  of 
dust  from  the  gas  as  it  passes  inward  through  a  cylindrical 
spiral  opening  into  a  dust  basin  at  the  bottom.  The  gas  enters 
at  the  top  of  the  outside,  leaves  at  the  top  of  the  inner  end  of 
the  spiral  and  passes  upward  through  an  extension  of  the  pipe 
around  w^hich  it  is  wrapped.  The  gas  passes  free  of  all  obstruc- 
tions at  the  upper  end  of  the  spiral  while  the  dust  separated 
drops  to  the  bottom  through  the  open  end.  There  is  no  tendency 
for  the  gas  to  pick  up  the  separated  dust  and  carry  it  out  as  is 
the  case  in  the  older  types  of  dry  cleanei's. 

6  It  is  frequently  found  that  sudden  changes  in  the  direction 
of  flow  of  the  gas,  as  at  water  seals  or  other  necessary  bends  in 
the  pipe,  arc  quite  efficient  in  the  removal  of  the  dust.  In  one 
case  gas  carrying  about  5  grains  per  cu.  ft.  passed  through  four 
sharp  bends  and  gave  all  dust  but  about  2  grains  per  cu,  ft.  For 
this  reason  every  part  of  the  dry  gas  main  where  such  bends  are 
necessary  can  be  made  to  assist  materially  in  the  cleaning  of  the 
gas,  if  pockets  are  added  equipped  with  valves  so  that  the  dust 
can  be  conveniently  removed. 

7  Where  long  gas  mnins  are  necessary  they  can  be  made  to 
add  to  the  cleaning  of  the  gas  by  building  them  in  successive 
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lengths  with  sutticient  rise  and  fall  to  allow  the  dust  to  settle  in 
pockets  at  the  bottom  angles  for  cleaning.  If  the  gas  for  any 
reason  moves  slowly  in  a  long  main  the  loss  of  heat  through  the 
pipe  will  probabl}^  reduce  the  temperature  below  the  dew  point 
and  thus  condense  some  of  the  moisture  carried  with  the  gas 
from  the  furnace  and  cause  the  deposit  of  wet  dust  which  adds 


Section   A-A 

Fig.  1     Centrifugal  Dust  Catcher 


greatly  to  the  cleaning  plant  labor.  This  is  especially  apt  to 
occur  where  two  or  more  groups  of  furnaces  supply  one  washing 
plant;  the  gas  from  the  one  with  the  lower  top  pressure  wall 
move  slowly  or  even  reverse  its  direction  of  flow  at  times,  allow- 
ing excessive  cooling  and  the  resulting  condensation.  This  con- 
densation Avill  begin  when  the  temperature  is  reduced  to  115  deg. 
to  120  deg.  fahr.  and  will  of  course  give  more  trouble  in  winter 
when  the  condensed  moisture  will  freeze  in  the  dust  valves  and 
drips  and  require  continiuil  thawing  to  alloAv  its  removal. 

8     It  is  possible  to  keep  the  gas  mains  clean  without  taking 
them  out  of  service  if  they  are  equipped  with  sufficient  openings 
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to  allow  every  part  of  the  pipe  to  be  reached  with  a  stream  from 
a  high-pressure  water  system,  and  with  valves  or  doors  at  all 
low  points  for  the  removal  of  the  mud  washed  down.  The  mains 
near  the  furnace  of  course  do  not  need  this  equipment  as  they 
can  easily  be  designed  to  make  them  entirely  self-cleaning,  while 
it  is  quite  necessary  that  long  mains  where  condensation  may 
occur  be  so  equipped. 

9  The  present  primary  washers  (the  first  stage  of  wet  clean- 
ing) are  of  the  static  scrubber  type  and  include  all  those  in  which 
the  gas  passes  through  a  stationary  shell  without  moving  parts, 
the  water  for  washing  being  supplied  either  in  spray  or  sheets. 
The  spray  and  hurdle,  Mullen,  baffle,  and  rain  type  scrubbers 
come  under  this  classification. 

10  The  spray  and  hurdle  system  is  preferred  on  account  of 
its  better  distribution  of  water,  and  since  it  is  self-cleaning  it 
needs  inspection  only  after  long  periods  of  operation.  Several 
of  these  scrubbers  have  been  opened  after  from  one  to  three  years' 
service  and  in  every  case  have  been  found  perfectly  clean  and 
required  no  repairs  whatever  before  being  returned  to  service. 
The  wood  was  in  good  condition  as  it  is  continually  wet  and 
oxygen  does  not  have  access  to  it  to  start  decay.  In  the  rain  or 
baffle  types  the  gas  is  more  apt  to  channel  and  travel  up  one  side 
of  the  scrubber  and  the  water  down  the  other. 

11  It  is  important  to  secure  uniform  distribution  of  the  gas 
as  well  as  of  the  water  in  any  scrubber.  For  the  inlet  a  cone 
about  two-thirds  the  diameter  of  the  shell  with  a  cone-shaped 
ring  below  it  open  in  the  center  about  one-half  the  diameter  of 
the  shell  will  give  good  distribution.  These  should  both  slope 
about  45  deg.  to  keep  the  mud  from  remaining  on  them. 

12  Two  outlets  at  opposite  sides  of  the  top  are  better  than 
one  on  account  of  the  dellectif)n  of  the  water  by  the  gas  currents 
if  only  one  is  used.  This  is  particularly  true  if  the  water  is 
sprayed  by  falling  on  spray  plates  as  the  gas  current  may  then 
be  strong  enough  to  blow  the  water  clear  of  the  plate  and  thus 
entirely  lose  its  effect.  Spray  nozzles  are  not  subject  to  this  fault 
but  are  not  able  to  handle  water  that  has  much  dirt  in  it  without 
a  great  amount  of  attention. 

13  In  designing  the  scrubber  bottom,  its  foundation  and  the 
basin  and  overflow  for  the  outlet  water,  it  must  be  remembered 
that  while  the  usual  working  pressure  will  be  from  6  in.  to  18 
in.  of  water,  a  slip  will  give  pressure  of  from  40  in.  to  50  in.  for 
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a  short  time.  A  normal  head  of  water  of  36  in.  from  the  bottom 
of  the  scrubber  to  the  water  overflow  level  with  the  basin  walls 
24  in.  above  this  and  an  emergency  overflow  4  in.  below  the  top 
of  the  basin  walls  will  care  for  slip  pressure  without  blowing 
out  any  gas  or  overflowing  the  basin  into  the  yard.  The  bottom 
of  the  basin  wall  will  be  self -cleaning  if  it  has  a  steep  slope  and 
the  outlet  pipe  is  from  the  center  of  the  bottom.  The  whole 
design  of  scrubber  and  basin  must  be  examined  to  eliminate  all 
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Fig.  2    Scrubber  Bottom 


places  where  mud  can  remain  long  enough  to  cake.    Fig.  2  shows 
this  arrangement  of  scrubber  bottom. 

14  Should  the  water  overflow  pipe  be  stopped  even  for  a 
short  time  the  heavy  mud  will  settle  to  the  bottom  of  the  basin 
and  when  the  overflow  pipe  is  cleaned  there  will  be  such  a  quan- 
tity that  even  the  extra  head  of  water  to  the  emergency  overflow 
will  not  force  it  out.  For  this  reason  the  forming  of  heavy 
chunks  must  be  prevented  as  much  as  possible  and  provision  must 
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be  made  for  stirring  the  basin  water  both  with  hoes  or  rakes  and 
with  a  stream  of  water  from  the  end  of  a  pipe  which  can  be 
thrust  into  all  parts  of  it.  It  Avill  be  found  convenient  also  to 
have  the  pipe  bent  at  the  end  so  that  the  stream  can  be  directed  up 
the  overflow  pipe  to  furnish  additional  head  for  starting-  the  flow 
Avhen  necessai'V,  or  a  special  pipe  with  return  bend  and  short 
nipple  to  thrust  down  the  overflow  pipe  itself  will  surely  be  able 
to  start  the  flow. 

15  The  final  stage  in  cleaning  is  done  with  mechanical  scrub- 
bers or  washers.  These  are  highly  developed  and  the  Theisen 
patented  gas  washer  has  been  in  the  lead  for  several  years 
though  other  types  are  now  being  worked  out,  their  builders 
claiming  better  results  wath  less  water  and  power  consumption 
than  the  Theisen.  The  Theisen  washers  require  about  3  per  cent 
of  the  power-plant  output  for  their  operation  and  from  16  to 
18  gal.  of  w-ater  per  1000  cu.  ft.  of  gas  cleaned,  which  added  to 
the  75  to  80  gal.  required  in  the  scrubbers  makes  the  total  from 
90  to  100  gal.  for  the  whole  cleaning  process.  The  newer  ap- 
paratus, which  are  along  the  lines  of  the  mechanical  disinte- 
grator, claim  to  use  about  20  gal.  of  water  per  1000  cu.  ft.  of  gas 
for  the  whole  cleaning  process  and  to  operate  on  less  power  than 
the  Theisen  washers. 

HOLDERS 

16  In  blast-furnace  gas-engine  plants  the  engines  are  entirely 
dependent  upon  the  continuous  supply  of  gas  from  the  furnaces ; 
a  100,000-cu.  ft.  capacity  holder  can  only  be  considered  a  pressure 
regulator  with  capacity  for  enough  gas  to  allow  retiring  in  good 
order  when  the  gas  supply  is  cut  off  for  any  reason.  Thus  in  a 
1000-kw.  plant  with  such  a  holder  the  gas  on  hand  would  operate 
the  plant  only  for  about  25  to  30  minutes  and  should  not  be 
counted  on  for  more  than  15  to  20  minutes.  This  in  an  emergency 
w^ould  give  time  to  notify  the  various  departments  using  power 
and  allow  them  time  to  prepare  for  a  shutdown. 

17  The  quantity  of  gas  consumed  by  the  engines  is  regulated 
by  the  governor  to  suit  the  power  output,  but  since  they  must 
be  supplied  w^ith  gas  at  uniform  pressure  for  satisfactory  opera- 
tion, it  is  necessary  to  regulate  the  gas  supplied  by  some  type  of 
gasometer.  This  is  best  done  by  a  gasometer  of  capacity  such 
that  the  pressure  fluctuations  are  not  noticeable  at  the  engines, 
and  since  it  is  well  to  have  an  emergency  quantity  of  gas  the  gas 
holder  itself  wall  meet  both  demands  at  once  if  supplied  with 
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an  efficient  regulution  valve.  The  liolder  will  regulate  the  pres- 
sure perfectly  between  the  maximum  limit  of  the  total  quantity 
of  gas  that  can  be  forced  through  the  mains  with  the  furnace 
pressure  available  assisted  by  the  gas  washers  and  the  minimum 
limit  of  the  leakage  at  the  regulating  valve. 

18  There  should  also  be  the  possibility  of  regulating  the  gas 
quantity  at  the  secondary  washers  since  at  times  of  very  light 
loads  the  gas  pressure  between  the  holder  and  washer  may  blow 
out  drip  seals  or  cause  dangerous  gas  leaks.     This  can  be  cared 
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Fig.  3    Arrangement  of  Regulating  Valve  for  Gas  Holder 


for  by  the  installation  of  butterfly  valves  with  quadrants  either 
before  or  after  the  mechanical  washers.  The  latter  is  to  be  pre- 
ferred for  then  the  gas  remains  longer  in  the  washers  and  receives 
additional  cleaning. 

19  A  good  regulating  valve  at  the  holder  is  a  butterfly  valve 
attached  by  means  of  levers  and  cables  to  the  holder  bell  so  that 
it  will  remain  wide  open  until  the  bell  rises  within  a  few  feet 
of  its  upper  position,  and  close  gradually  till  at  the  highest  posi- 
tion it  is  completely  closed.  The  arrangement  shown  in  Fig.  3 
works  satisfactorily.  The  weight  A  must  be  heavy  enough  to 
close  the  valve  and  the  weight  B  must  be  heavy  enough  to  open 
the  valve  and  also  lift  the  weight  A. 
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20  All  exposed  water  lines  must  be  protected  from  freezing. 
This  is  especially  true  of  the  supply  to  seals,  drips  from  the  gas 
main,  and  any  line  that  does  not  have  a  continuous  flow.  With 
good  water  separators  after  the-  secondary  cleaning  apparatus, 
freezing  weather  or  even  8  deg.  or  10  deg.  fahr.  below  zero,  will 
not  cause  trouble  in  the  gas  mains  themselves,  though  any  valves 
which  may  be  nearly  closed  or  which  are  closed  part  of  the  time 
must  be  carefully  protected.  The  butterfly  valve  for  regulating 
the  gas  should  be  enclosed  in  a  tight  box  with  steam  coils  to  keep 
it  in  working  order.  This  also  is  true  of  the  valves  at  the  gas- 
washing  plant  unless  it  is  possible  to  install  them  within  a  heated 
building. 

21  The  water  in  the  gas  holder  must  also  be  warmed.  The 
exhaust  from  the  regulating  valve  coil  will  easily  keep  the  holder 
water  warm  enough  to  prevent  freezing  except  in  the  coldest 
weather  (under  0  deg.  fahr.),  when  it  is  usually  necessary  to  sup- 
ply additional  steam  through  several  nozzles  arranged  to  set  up 
a  circulation  of  the  water  around  the  tank.  These  should  be  well 
down  in  the  water  or  ice  will  form  on  the  lower  part  of  the  shell 
and  build  in  toAvard  the  center  and  prevent  the  lowering  of  the 
bell. 

22  During  the  time  the  holder  water  is  warmed  it  is  impor- 
tant frequently  to  observe  its  temperature,  if  too  hot  it  will 
charge  the  gas  with  water  so  that  condensation  and  freezing  will 
take  place  in  the  gas-engine  supply  pipes.  When  the  water  cir- 
culates properly  in  the  holder  it  is  not  necessary  to  have  it  any 
warmer  than  38  deg.  or  40  deg.  fahr.,  while  a  rise  to  65  deg.  or 
70  deg.  will  give  trouble. 

23  If  the  gas  holder  is  not  visible  from  the  gas-washing  plant 
the  operator  needs  a  visible  signal  to  give  him  its  position,  also 
an  audible  signal  to  inform  him  if  it  should  lower  beyond  safe 
working  position,  the  amount  of  the  drop  allowable  before  the 
audible  signal  operates  being  determined  by  the  position  of  the 
regulating  valve  at  the  holder.  The  drop  should  be  less  than 
an  amount  to  gi^^e  a  complete  opening  of  the  valve.  The  gas- 
washer  operator  should  have  telephone  connections  with  the  en- 
gine room,  besides  the  usual  whistle  or  bell  signals  which  are 
used  to  notify  him  of  the  starting  or  stopping  of  engines.  He 
should  also  be  in  close  touch  with  the  blast-furnace  department 
in  order  that  any  change  in  the  gas  supply  can  be  laiown  in 
advance. 
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RELIEF  DOORS 

24  In  all  gas-pipe  lines  so-called  explosion  doors  are  installed. 
These  are  as  a  rule  useful  only  for  access  to  the  main  for  clean- 
ing, usually  being  made  of  cast  iron  and  hinged;  on  account  of 
their  weight  and  method  of  attachment  the  moment  of  inertia 
is  so  great  that  they  will  not  open  quickly  enough  to  prevent  the 
destruction  of  the  main  in  which  they  are  installed.  Any  gas 
main  that  will  support  itself  over  the  span  usually  employed  will 
easily  stand  any  pressure  that  can  be  produced  in  the  cleaning 
plant,  and  the  use  of  these  valves  or  other  relief  valves  is  not 
necessary.  The  inconvenience  of  escaping  gas  makes  it  advisable 
to  design  them  as  cleaning  doors  only,  and  to  arrange  them  with 
a  clamp  fastening  to  avoid  this  inconvenience.  If  it  is  thought 
necessary  to  instal  explosion  doors  or  valves  I  would  suggest  the 
use  of  sheets  of  light  material  arranged  in  frames  so  that  they 
will  be  blown  out  should  an  explosion  occur  in  the  main. 

25  The  best  protection  from  explosions  is  careful  operation, 
especially  to  guard  against  a  reduction  of  pressure  of  gas  at  the 
furnace  side  of  the  cleaning  plant  due  to  no  air  being  drawn  into 
the  main  at  the  stoves,  and  to  see  that  no  piece  of  apparatus  is 
put  in  service  with  air  trapped  so  it  can  be  mixed  with  the  gas 
and  sent  along  to  the  engines. 

RECORDING   INSTRUMENTS 

26  Thermometers  and  pressure  gages  for  indicating  the  tem- 
perature and  pressure  of  the  gas:  entering  the  cleaning  plant, 
between  the  primary  and  secondary  washers  leaving  the  latter, 
and  before  and  after  the  gas  holder,  form  important  parts  of  the 
gas-cleaning  system.  The  ordinary  gas  works  thermometer  with 
a  stem  reaching  about  8  to  10  in.  into  the  gas  mains  are  to  be 
located  at  each  of  the  above  points,  while  pressure  gages  of  the 
U-tube  type  with  inches  of  water  as  a  measure  of  the  pressure 
can  be  located  in  the  gas- washer  building  and  connected  to  these 
points  by  %-in.  or  I'o-in.  gas  pipe.  Eecording  gages  should  be 
used  in  connection  with  the  indicating  water  column  for  the  gas 
pressure  at  the  entrance  to  the  cleaning  plant  and  in  the  gas 
main  leading  to  the  gas  holder. 

LOG   RECORDS 

27  The  successful  operation  of  the  gas- washing  plant  is  very 
much  advanced  by  the  proper  understanding  of  the  meaning  of 
the  variation  shown  by  these  thermometers  and  gages.  For  this 
reason  it  is  important  to  keep  a  record  of  these  variations  on 
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carefully  designed  dail}'  log  sheets  with  at  least  eight  daily  nota- 
tions. The  gas- washer  operator  soon  learns  to  interpret  the  gage 
and  thermometer  changes,  and  will  often  foretell  serious  trouble 
by  such  understanding.  For  instance,  the  partial  filling  of  a 
water  seal  is  indicated  some  time  before  it  will  cause  trouble  by 
the  sAvinging  of  the  water  in  the  U-tube,  this  movement  being  so 
markedly  different  from  any  other  that  he  knows  at  once  the 
trouble  and  from  the  location  of  the  gage  can  easily  tell  which 
seal  is  filling. 

28  The  daily  log  sheets  should  have  space  reserved  for  the 
operator  to  note  any  unusual  occurrence  and  the  work  done  to 
keep  the  plant  in  condition.  It  should  be  in  fact  a  complete  re- 
port of  each  day's  work  to  the  engineer  in  charge,  keeping  him 
in  close  touch  with  the  changing  conditions  in  the  gas-cleaning 
system. 

ENGINE    STARTING 

29  A  second  most  important  factor  in  successful  gas-engine 
operation  is  good  engine  operators,  and  the  same  characteristics 
which  are  valuable  in  steam-engine  operators  are  valuable  in  the 
gas-engine  engineer. 

30  The  operation  of  the  engines  themselves  is  exactly  similar 
as  far  as  the  running  gear  is  concerned  and  it  is  only  the  fact 
that  the  gas  engineer  is  fireman  as  well  as  engineer  that  makes  it 
necessary  that  he  be  more  alert  and  watchful.  Economical  opera- 
tion of  gas  engines  on  the  same  account  requires  that  the  engine 
operator  must  have  his  sense  of  "  the  feel  of  the  machine  "  well 
developed. 

31  Compressed  air  at  from  150  to  200  lb.  per  sq.  in.- pressure 
has  proved  satisfactory  for  starting  gas  engines  and  is  especially 
desirable  on  account  of  the  ease  with  which  a  suitable  quantity 
can  be  stored  under  pressure  ready  for  use  at  any  time. 

32  In  a  starting  system  of  2000  cu.  ft.  capacity  the  air  pres- 
sure is  lowered  about  20  lb.  in  starting  one  3000-kw.  twin-tandem 
unit,  and  since  150  lb.  pressure  is  sufficient  for  a  start  there  is  a 
possibility  of  at  least  three  starts  from  200  lb.  initial  pressure, 
which  is  certainly  sufficient  to  get  under  way  even  during  the 
excitement  of  an  emergency  shutdown. 

33  Record  was  kept  of  the  pressure  drop  in  starting  an  1800- 
h.p.  twin-tandem  Allis-Chalmers  engine  from  an  air  system  hav- 
ing two  tanks  of  1100  cu.  ft.  capacity  each.  This  record  included 
19  starts,  16  using  the  full  capacity  of  the  system  and  three  with 
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one  tank  out  of  service.  This  record  is  plotted  in  Fig.  4  the  pres- 
sure in  the  sj^stem  being  shown  as  ordinates  and  the  pressure 
dro})  as  abscissae;  the  16  starts  with  complete  air  system  in  use 
are  indicated  by  circles  and  the  three  that  were  made  with  one 
of  the  air  tanks  shut  off,  by  crosses.  It  may  be  noted  that  the 
quantity  of  air  required  to  start  the  engine  was  about  the  same, 
regardless  of  the  pressure  in  the  air  tanks. 

34  The  necessary  capacity  of  air  tanks  and  air  compressors 
for  a  given  plant  depends  upon  the  number  and  size  of  engine 
units,  and  the  frequency  with  which  they  may  need  to  be  started. 
After  the  engine  operator  becomes  familiar  with  the  operating 
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peculiarities  of  the  engines  he  should  be  able  to  start  them  at 
intervals  of  from  4  to  8  minutes  and  not  lower  the  air  pressure 
more  than  the  compressor  can  make  up  in  that  time,  if  an  engine 
lowers  the  pressure  8  lb.  per  sq.  in.  in  a  2000-cu.  ft.  capacity  sys- 
tem, the  compressors  should  compress  8/15  of  2000  =  1060  cu.  ft. 
free  air  in  the  maximum  time  allowable  between  starts  or  say 
10  minutes.    This  would  require  two  106-cu.  ft.  compressors. 

35  For  the  ordinary  blast-furnace  gas-engine  plant  of  from 
three  to  six  engines  two  air  compressors  of  100  cu.  ft.  capacity 
and  air  tank  capacity  of  2000  cu.  ft.  are  quite  sufficient,  while 
for  more  than  six  engines  the  compressor  capacity  should  be  in- 
creased rather  than  the  tank  volume.  At  least  one  of  the  com- 
pressors must  derive  its  power  from  some  source  outside  of  the 
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gas  engine  in  order  to  be  able  to  start  the  plant  if  all  units  should 
be  down. 

36  It  is  important  to  keep  the  water  jackets  thoroughly  clean 
and  the  item  of  jacket  cleaning  should  appear  regularly  in  the 
engine  operation  schedule.  This  cleaning  requires  careful  atten- 
tion since,  with  the  class  of  labor  usually  put  on  this  work,  it  will 
be  slighted  in  the  places  where  the  most  care  is  needed. 

LUBRICATION,    CLEANING   OIL 

37  The  question  of  lubrication  is  one  of  so  many  variations 
I  can  only  say  that  for  general  lubrication  of  such  as  main  bear- 
ings, crosshead  and  crankspins  and  crosshead  slides  where  the 
rubbing  surfaces  are  at  room  temperature,  an  oil  of  the  following 
physical  characteristics  has  given  excellent  service: 

Specific  gravity 888 

Viscosity  (Tagliabue) 210  at  70  deg.  fahr. 

Cold  test 35  deg.  fabr. 

Flash  temperature 435 

38  This  service  also  includes  satisfactory  separation  of  water 
and  dirt  by  settling  and  filtration.  On  account  of  the  almost 
certain  mixing  of  water  from  the  cooling  system  with  the  sys- 
tem oil,  it  is  necessary  to  provide  means  of  separating  the  water 
and  oil  in  the  filtration  process  and  it  can  be  done  thoroughly 
only  by  heating  the  oil  to  about  160  deg.  or  190  deg.  fahr.  and 
giving  it  time  in  a  quiet  condition  to  allow  the  separation.  A 
large  part  of  the  dirt  will  settle  with  the  water.  Such  that  does 
not,  must  be  removed  by  filtration  through  fine  cloth  either  of 
organic  fiber  or  of  fine  wire.  The  latter  is  more  to  be  desired 
because  of  the  ease  with  which  it  can  be  cleaned. 

39  A  good  oil-cleaning  system  giving  excellent  satisfaction 
consists  of  one  1500-gal.  water-separating  tank,  shown  in  Fig.  5, 
with  a  heating  coil  over  which  the  oil  flows  as  it  enters  on'  return- 
ing from  the  engines,  and  an  adjustable  automatic  water  overflow 
to  discharge  the  separated  water,  two  settling  tanks  of  the  same 
size  through  which  the  oil  passes  in  tandem  to  allow  time  for 
quiet  settling  of  dirt  particles,  and  a  filter  unit  with  20  filter 
bags,  10  each  in  two  filter  tanks. 

40  An  extra  tank  is  used  when  either  of  the  other  three  is 
out  of  service  for  cleaning.  An  auxiliary  tank  of  about  200  gal. 
capacity  is  used  for  "  boiling  up  "  the  sludge  taken  from  either 
of  the  large  tanks  or  the  filters  at  time  of  cleaning  as  well  as  such 
dirty  oil  as  can  be  drawn  off  daily  from  the  bottom  of  the  over- 
head oil  tank. 
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41  This  system  is  shown  in  Fig.  6.  The  oil  from  the  engine 
drips  enters  tank  A  over  the  steam  coil,  flows  down  through  the 
inner  cone  then  up  and  out  the  overflow  to  0  and  D,  thence  to 
the  filters  F  and  6^  through  E,  which  is  also  a  water  separator. 
The  clean  oil  is  pumped  from  the  filters  by  one  of  the  pumps  at 
K,  which  are  in  duplicate,  to  the  overhead  engine  supply  tank 
in  which  the  quantity  of  oil  on  hand  is  shown  by  an  index  on  a 
hirge  gage  visible  from  the  engine-room  floor.     Gage  glasses  on 


To  Sewer- 

Fig.  5     Water-Separating  Tank  for  Oil-Cleaning  System 


each  tank  show  the  level  of  the  line  between  the  oil  and  water 
both  as  an  operating  convenience  and  as  a  means  of  checking 
the  quantit}^  of  oil  used  during  the  month.  The  separated  water 
flows  down  the  inside  of  the  cone  in  A  to  the  bottom  of  the  tank 
from  which  it  flows  through  the  automatic  overflow  H.  The  nip- 
ple in  the  tee  at  H  is  adjustable  so  that  the  water  in  A  can  be 
held  at  the  level  found  best  in  operation. 

42  A  part  of  the  dirt  is  oil-coated  so  that  it  floats  between 
the  water  and  the  oil  and  will  accumulate  until  its  removal  is 
necessary.    The  oil  from  the  engines  is  then  turned  into  tank  5, 
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the  supply  to  G  and  />  being  kept  up  by  stopping  the  water  over- 
flow and  filling  A  with  water  as  long  as  good  oil  floAvs  out.  The 
water  is  then  drawn  off'  to  the  sewer  and  the  sludge  pumped  into 
the  boiling  tank  J  where  as  much  oil  is  reclaimed  as  possible. 
The  other  tanks  are  cleaned  in  the  same  way.     There  are  pipe 


Fig.  6    Oil-Cleaning  System:   A  and  B,  Water-Separating  Tanks;   F  and 
G  Filters;   J  Boiling  Tank 

connections  from  the  bottom  of  all  tanks  to  one  of  the  pumps, 
also  from  the  discharge  of  this  pump  to  the  tank  /. 

43  Such  an  oil  system  Avill  keep  the  oil  clean  for  a  plant  cir- 
culating 500  to  600  gal.  per  hour.  Of  course  some  oil  is  lost 
through  leakage  at  the  engines,  and  some  is  wiped  up  in  keeping 
the  engines  clean,  but  the  addition  of  new  oil  need  not  amount 
to  more  than  100  gal.  per  month.  In  blowing-engine  plants  where 
the  engine  oil  is  drawn  into  the  blowing  cylinders  from  mechan- 
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ically  operated  valves  the  oil  consniiiption  will  not  be  so  low 
unless  good  oil  separators  are  installed  in  the  cold  blast  mains 
arranged  to  discharge  this  oil  back  into  the  oil  system. 

44  The  cylinder  oil  question  is  also  one  of  many  opinions. 
The  varying  cleanliness  of  the  gas,  hardness  of  cylinder  walls 
and  piston  rings,  piston  speeds,  mean  effective  and  maximum 
pressures  all  have  their  influence  on  the  action  of  the  cylinder 
oil.  An  oil  showing  a  specific  gravity  of  0.902;  viscosity 
(Tagliabue)  of  78  at  212  deg.  fahr.,  and  a  flash  temperature  of 
380,  gave  excellent  results  in  a  gas  blowing-engine  plant  where 
the  dust  was  low  (0.01  or  less)  and  piston  speeds  less  than  600 
ft.  per  min.,  and  Avas  not  satisfactory  in  another,  with  0.012  dust 
and  piston  speeds  of  850  ft.  per  min.  In  the  latter  case  the  oil 
w^as  replaced  by  one  of  specific  gravity,  0.920;  viscosity,  203  at 
212  deg.  fahr.;  and  flash  temperature,  502,  and  immediate  im- 
provement was  shown. 

45  With  the  lighter  oil  the  cylinders  were  not  dry  in  any  part 
though  they  did  show  more  w^ear  than  was  expected  for  the  time 
in  service,  the  machining  marks  in  the  bore  being  almost  invisible 
after  three  months'  operation. 

46  The  cjdinder  oil  can  be  put  in  a  tank  in  the  basement  and 
piped  to  all  cylinder  oil  pumps  by  using  compressed  air  at  15  lb. 
per  sq.  in.  This  provides  opportunity  for  the  installation  of  oil 
meters  to  keep  accurate  account  of  the  oil  used  on  each  engine, 
or  the  supply  tank  maj'  be  equipped  wdth  graduated  gage  glass 
and  record  kept  of  the  supply  to  the  wdiole  plant. 

IGNITION 

47  The  mechanically  operated  igniter  is  much  to  be  preferred 
over  the  magnetic  type.  The  current  supply  should  be  from  a 
source  not  liable  to  fluctuation,  such  as  that  from  a  motor  gen- 
erator set  that  supplies  current  to  the  ignition  system  alone  and 
arranged  in  connection  with  a  storage  battery  so  that  should  any- 
thing happen  to  the  motor  generators  the  battery  would  take  up 
the  load,  automatically  signaling  the  operator.  The  location 
of  the  ignition  plugs  is  important,  since  an  explosion  on  one  side 
only  of  the  piston  will  force  it  to  the  other  side  and  cause  it  to 
strike  the  cylinder  wall.  This  is  easily  apparent  in  cylinders 
having  the  combustion  chamber  at  the  side  and  the  effect  of  one- 
sided explosions  can  be  seen  when  one  of  three  equally  spaced 
iffniters  is  not  working. 
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48  Premature  ignition  is  usually  caused  by  excess  hydrogen 
in  the  gas,  and  will  occur  when  the  quantity  of  hydrogen  reaches 
4.6  per  cent,  depending  also  upon  the  cleanliness  of  the  cylin- 
ders. This  prematuring  is  one  of  the  first  indications  of  leaking 
cooling  plates  in  the  furnace  and  the  gas-engine  operator  will 
often  be  able  to  inform  the  furnaces  of  this  condition  before  they 
learn  of  it  themselves.  When  a  furnace  has  the  wind  off  for 
casting,  the  water  pressure  in  the  cooling  plates  is  greater  than 
the  furnace  pressure  and  the  water  enters  the  furnace  and  is 
immediate^  dissociated,  the  oxygen  being  consumed  by  the  coke 
leaves  the  excess  hydrogen  in  the  gas.  When  the  wind  is  put  on 
again  this  gas,  rich  in  hydrogen,  is  sent  along  to  the  engine  caus- 
ing prematuring. 

MISCELLANEOUS    INFORMATION 

49  The  pistons  of  the  early  large  gas  engines  were  of  cast 
iron  but  these  gave  considerable  trouble  by  cracking  because  they 
were  not  properly  ribbed.  Several  builders  changed  to  cast  steel, 
but  found  they  gave  trouble  either  by  cutting  the  cylinder  walls 
or  by  beading  over  and  binding  the  rings.  Cast  iron  was  again 
resorted  to  with  an  improved  design.  In  the  cast-steel  pistons 
also  the  movement  of  the  rings  widens  the  grooves  so  that  in 
a  short  time  there  is  too  much  clearance  which  necessitates  turn- 
ing the  grooves  and  making  new  rings. 

50  Cast-iron  snap  rings  of  uniform  cross-section  give  better 
service  than  any  other  type.  This  has  been  learned  after  many 
attempts  to  design  a  complicated  ring,  the  designer  believing  a 
ring  to  hold  gas-engine  pressure  would  be  more  difficult  to  make 
than  one  for  steam-engine  pressure. 

51  Piston-rod  packing  furnishes  one  of  the  difficult  problems 
for  the  designer  and  also  for  the  engine  operator.  A  good  pack- 
ing must  be  simple  in  design  and,  as  in  the  case  with  the  piston 
rings,  the  forms  with  the  fewest  parts  seem  to  give  the  best  ser- 
vice. Both  cast  iron  and  babbitt  have  given  good  results.  The 
success  or  failure  of  this  part  of  the  engine  depends  largely  upon 
its  cleanliness  and  too  much  care  cannot  be  used  in  assembling  it 
to  insure  its  proper  application. 

52  The  engine-room  basement  has  not  received  the  attention 
it  deserves.  Two  items  the  designer  of  any  power  plant  will  do 
well  to  consider  are:  make  the  engine-room  floor  high  enough 
over  the  basement  floor  to  allow  G  ft.  clear  under  all  suspended 
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pipes,  and  have  the  basement  floor  slope  enough  for  rapid  drain- 
age (at  least  12  in.  for  100  ft.).  A  dry  basement  with  plenty  of 
head  room  is  easily  kept  clean  and  a  clean  basement  is  a  great 
help  in  keeping  the  whole  room  in  good  condition.  Ventilation 
and  lighting  are  also  more  easil}-  accomplished  in  a  high  base- 
ment. 

53  The  question  of  safety  of  the  employee  in  all  occupations 
is  at  present  a  live  one  and  is  to  be  considered  in  the  engine  room 
as  well  as  in  the  rolling  mill.  Safety  demands  the  elimination 
of  all  dangerous  conditions  by  covering  gears,  guarding  fly- 
wheels, generators  and  crossheads,  enclosing  electrical  apparatus 
and  keeping  all  gas  pipes  tight  and  free  from  leaks.  The  men 
must  be  trained  to  watch  out  for  their  own  and  their  fellow  work- 
men's safety.  It  is  just  as  important  that  the  lives  and  limbs  of 
the  engine  crew  be  protected  as  it  is  that  the  cost  of  electricity 
should  be  low. 

54  Complete  records  of  operation  are  invaluable  as  it  is  only 
by  the  study  of  accurate  record  of  the  actual  happenings  that  we 
can  hope  to  improve.  It  is  not  possible  to  trust  to  memory  for 
a  comparison  of  the  results  of  different  types  or  arrangements 
of  apparatus. 

55  A  daily  log  of  the  various  pressures  and  temperatures 
must  be  kept  to  learn  whether  the  plant  conditions  are  changing 
and  to  know  the  cause  of  these  changes.  Any  unusual  occurrence 
or  the  regular  recurrence  of  repairs  noted  on  the  log  sheets  puts 
the  information  regarding  the  plant  Avhere  it  can  be  used  in  pre- 
dicting and  preparing  for  the  future.  Not  only  should  this  in- 
formation be  kept  daily  but  it  should  be  collected  and  averaged 
monthly  and  yearly  for  the  comparison  of  month  with  month 
and  year  with  year.  Much  of  the  engineering  information  is 
best  shown  graphically,  for  a  sheet  full  of  figures  does  not. give 
a  true  conception  of  the  actual  conditions. 

56  The  original  information  is  necessarily  furnished  on  the 
daily  log  sheets  written  by  the  shift  engineer  and  he  should  be 
supplied  with  a  copy  of  the  resulting  data  sheets.  He  is  just  as 
much  interested  in  the  power  plant  as  is  the  chief  engineer  and 
this  information  cannot  be  placed  anywhere  to  do  more  good 
than  with  the  engine  operators.  The  rate  of  progress  in  the  gas- 
engine  field  depends  entirely  upon  the  rapidity  with  which  engi- 
neers are  able  to  gain  understanding  of  this  machinery  and  the 
collecting  and  compiling  of  these  records  is  of  the  greatest  service 
for  this  purpose. 
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INTRODUCTION  TO  GENERAL  DISCUSSION  OF 
STEEL  PASSENGER  CAR  CONSTRUCTION 

By  H.  H.  Vaughan,  Montreal,  Canada 
Member  of  the  Society 

The  advent  of  the  steel  passenger  car  has  brought  with  it 
many  new  problems  and  an  opportunity  for  more  diverse  opin- 
ions than  any  other  change  that  has  taken  place  in  car  equip- 
ment. The  construction  of  the  wooden  passenger  car  developed 
along  fairly  uniform  lines.  The  varieties  of  framing  were  few 
and  the  diU'erences  unimportant,  while  the  introduction  of  steel 
platforms,  wide  and  narrow  vestibules,  reinforced  end  and  sill 
construction  and  similar  improvements  occurred  gradually,  and 
with  practically  similar  designs  on  all  railroads.  The  change 
from  wood  to  steel  in  freight  car  construction  resulted  in  the 
abandonment  of  designs  that  had  almost  become  standardized 
and  the  introduction  of  many  new  types,  biit  in  this  case  the 
principal  problem,  other  than  that  of  obtaining  satisfactory  de- 
signs, has  been  the  extent  to  which  it  was  advisable  to  use  com- 
posite or  all-steel  construction. 

2  In  the  case  of  the  passenger  car,  the  types  to  be  employed 
will  proliably  not  be  changed  by  the  substitution  of  steel  for 
wood.  The  increase  in  capacity  that  has  taken  place  in  freight 
equipment  cannot  be  duplicated  in  passenger  cars,  and  there 
appears  to  be  no  tendency  at  present  toward  any  increase  in 
length  or  carrying  capacity.  The  questions  that  now  confront 
us  relate  rather  to  the  design  and  construction  of  cars  of  the 
present  type  and  of  the  materials  that  may  be  advantageously 
employed  in  place  of  the  wood  which  has  been  used  for  so  long. 
They  are  complicated  by  the  necessity  of  providing  for  greater 
safety  for  the  passengers  than  was  secured  in  the  wooden  car, 
with  an  equal  degree  of  comfort  and  the  difficulty  of  anticipat- 
ing the  behavior  of  this  new  equipment  in  the  case  of  accident. 
Certain  difficulties  such  as  the  best  systems  for  heating,  lighting 
and  ventilation,  are  common  to  both  steel  and  wood  construction, 
and  improvements  in  these  matters  pertain  to  general  progress 
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rather  than  the  use  of  steel  construction.  The  following  list, 
while  probably  incomplete,  outlines  in  a  brief  way  the  important 
variations  that  must  be  considered  in  deciding  on  the  preferable 
construction  of  steel  passenger  equipment: 

Framing Steel  uiidei-f rame 

Center  girder 

All-steel  frame r,. ,       .    -, 

feide  girder 

Outside  finish I'lated 

Sheathed 
Roof  constrnction Clearstory 

Circnlar 
Inside  finish Steel 

Wood 

End  construction Design  and  strength 

Floor Design  and  material 

Insulation   Material 

No  doubt  questions  of  equal  importance  have  been  omitted,  and 
in  many  cases  those  mentioned  require  careful  consideration 
with  regard  to  degree,  as  for  instance,  the  strength  of  the  fram- 
ing or  the  thickness  of  the  insulation.  The  list  illustrates,  how- 
ever, the  diversity  of  possible  solutions  of  the  preferable  steel 
passenger  car,  and  the  following  personal  opinions  are  presented 
for  the  purpose  of  opening  the  discussion : 

3  The  steel  underframe  does  not  appear  to  be  a  satisfactory 
or  permanent  development.  There  is  but  little  saving  either  in 
weight  or  cost  over  the  all-steel  construction,  and  it  is  difficult 
to  see  how  the  same  strength  in  case  of  accident  can  be  obtained. 
Experience  wall  show  whether  the  wood  superstructure  can  be 
secured  in  such  a  way  as  to  prevent  working  as  the  car  gets 
old,  but  as  it  cannot  be  arranged  to  carry  any  weight  this  ap- 
pears questionable.  It  can  hardly  be  regarded  except  as  an 
intermediate  step  betw^een  all-wood  and  all-steel  construction. 

4  In  all-steel  construction  the  side-girder  car  presents  advan- 
tages, but  as  in  freight  construction,  both  types  will  probably 
persist.  The  side-girder  construction  obtains  greater  strength 
in  the  side  framing  w^ithout  superfluous  weight,  and  it  is  pos- 
sible that  greater  framing  strength  may  prove  necessary.  With 
equal  strength  of  side  framing  the  side-girder  car  may  be  made 
lighter  than  the  center-girder  type,  and  the  weight  of  steel 
passenger  cars  is  one  of  the  most  serious  problems  to  be  faced 
by  any  railroad  not  having  a  level  line.  American  passenger 
equipment  was  already  excessively  heavy  per  passenger  carried 
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with  wood  construction,  and  the  use  of  steel  has  increased  this 
weight  from  10  per  cent  to  '20  per  cent,  which  is  a  most  serious 
matter.  Apparently  side-girder  cars  as  so  far  constructed  have 
a  decided  advantage  over  the  center-girder  type  in  their  light 
weight  and  greater  strengtli  in  case  of  accident  tending  to  crush 
in  the  side  of  the  car.  This  will  probably  lead  to  the  use  of 
this  type  on  roads  on  which  weight  is  of  importance. 

5  In  spite  of  the  many  advantages  of  the  sheathed  car  in 
case  of  construction  and  maintenance,  it  appears  that  the  cost 
and  w^eight  of  the  additional  metal  will  prevent  its  extensive 
use.  This  question  is  chiefl}^  one  of  appearance  and  convenience, 
and  is  of  minor  importance. 

6  The  circular  roof  has  been  extensively  introduced  on  steel 
passenger  cars  on  account  of  its  lightness  and  simplicity  of  con- 
struction. It  has  the  objection  that  deck  sash  ventilation  cannot 
be  employed.  The  Pullman  Company  while  using  the  clear- 
story roof  have,  however,  discontinued  the  use  of  deck  sash  ven- 
tilation, so  that  evidently  in  their  opinion  this  objection  is  not 
important.  The  deck  sash  is,  however,  of  value  in  a  standing 
car,  and  when  properly  screened  is  certainly  advisable  in  hot 
weather,  especially  when  the  road  is  dusty.  The  Canadian 
Pacific  Railway  have  compromised  on  this  question  and  are 
using  a  roof  of  approximately  .circular  form  with  deck  sash. 
The  strength  and  simplicity  of  the  circular  roof  is  retained  with 
the  ventilating  qualities  of  the  clearstory  tj'pe. 

7  The  preferable  material  for  inside  finish  is  a  matter  for 
future  decision.  With  the  ample  protection  afforded  by  a  steel 
car  against  accident,  there  does  not  appear  to  be  any  objection 
to  wood  inside  finish  on  the  ground  of  safety.  It  is  more  orna- 
mental than  steel  and  a  better  insulator.  Probably  on  no  ques- 
tion in  passenger  car  design  is  opinion  so  divided  amongst  both 
railroad  and  carbuilders.  There  is  today  very  little  difference 
in  cost,  and  it  certainly  appears  probable  that  in  the  future  the 
tendency  will  be  to  adopt  steel  interior  finish  if  not  entirely,  at 
any  rate  to  a  great  extent. 

8  The  construction  of  the  ends  of  the  cars  has  received  con- 
siderable attention,  and  the  strength  now  usuallv  emploj^ed  is 
enormously  greater  than  an^^thing  attempted  in  wood  construc- 
tion. S^everal  excellent  designs  have  been  devised,  which  will 
probal^ly  be  referred  to  in  another  paper. 

9  The  floor  construction  in  steel  cars  is  entirely  different 
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from  that  in  wooden  cars,  and  is  usually  of  metal  covered  with 
a  flexible  cement.  In  constructing  a  sample  car  for  the  Canadian 
Pacific  Bailway  the  writer  used  in  addition  an  underfloor  cov- 
ered with  insulating  material,  and  covered  the  cement  with  i/^ 
in.  of  cork.  This  car  was  also  exceptionally  well  insulated  at 
the  sides,  2  in.  of  cork  being  used  next  the  outside  plating.  Tests 
during  the  past  winter  have  shown  that  this  car  is  actually 
warmer  than  the  ordinary  wooden  car,  the  same  amount  of  heat- 
ing surface  being  used  in  both  types.  The  floor  was  tested  by 
taking  the  temperature  of  water  standing  in  cans  on  the  floor, 
there  being  no  practical  difference  between  the  results  in  the 
wood  and  steel  cars.  The  question  of  insulation  is  an  important 
one,  both  in  hot  and  cold  weather,  and  while  other  insulation 
might  no  doubt  be  equally  effective,  it  is  interesting  to  be  able 
to  advise  that  with  proper  insulation  there  is  no  question  of  the 
steel  car  being  satisfactory. 


PROBLEMS  OF  STEEL  PASSENGER  CAR  DESIGN 

By  W.  F.  Kiesel,  Jr.,  Altoona,  Pa. 
Member  of  the  Society 

Whenever  it  becomes  necessary  to  adopt  a  policy  representing 
a  complete  departure  from  existing  policies  involving  a  new 
theoretical  structure  from  foundation  up,  many  problems,  some 
entirely  new,  have  to  be  solved.  The  increasing  cost  of  lumber, 
the  desire  for  longer  and  stronger  cars,  and  other  considerations 
indicated  the  desirability  of  making  a  determined  effort  to 
develop  a  satisfactory  steel  passenger  car.  The  object  of  this 
paper  is  to  review  a  few  of  the  problems  encountered,  beginning 
with: 

2  First:  Can  We  afford  It,  and  What  will  It  cost,  compared 
with  Wooden  Cars?  Tentative  designs  were  prepared  and  care- 
fully analyzed  by  a  committee  of  representatives  of  carbuilders 
and  railroads.  The  summary  of  their  report  was  that  at  first 
steel  passenger  cars  would  cost  approximately  20  per  cent  more 
per  passenger  than  wooden  cars  of  the  best  existing  types,  but 
that  the  steel  cars  would  probably  cost  much  less  to  maintain. 
They  also  reported  that  on  account  of  the  increasing  cost  of  good 
lumber,  and  the  probable  decreasing  cost  of  manufacturing  steel 
cars,  not  many  years  would  elapse  before  the  cost  of  steel  cars 
would  be  no  more  than,  if  as  much  as,  wooden  cars.  Those  who 
have  been  in  close  touch  wdth  the  development  of  the  steel-car 
industry  know  that  at  the  present  time  steel  cars  cost  no  more 
than  equivalent  wood  cars. 

3  Second:  Shall  the  Gars  he  All  Steel,  or  Steel  Frame  with 
Wood  Lining?  Differences  of  opinion  still  exist  on  this  point. 
Both  types  of  car  have  been  built,  and  each  has  strong  advocates. 

4  In  the  all-steel  car  the  steel  lining  can  be  securely  riveted 
to  the  framing  and  adds  somewhat  to  the  strength  of  the  com- 
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plete  structure,  but  as  steel  is  a  good  conductor  it  carries  away 
the  heat  of  a  body  coming  in  contact  with  it,  and,  therefore,  will 
always  feel  cold,  even  wdien  the  temperature  in  the  car  is  suffi- 
ciently high.  Satisfactory  results  have  been  realized  from  the 
use  of  a  double  steel  lining  between  seats,  forming  a  hot-air  duct, 
extending  from  the  heater  pipes  to  the  window  sill,  with  outlet 
through  small  holes  in  the  lining  proper,  located  immediately 
below  the  window  sill  in  the  lining  proper. 

5  Wood  lining  requires  considerable  wood  furring,  and  adds 
weight  to  the  car  without  adding  to  the  strength.  As  the  steel 
frame  of  a  long  passenger  car  may  vary  as  much  as  1/2  in.  be- 
tween extremes  of  temperature,  it  is  necessary  to  make  allowance 
in  the  construction  of  the  wood  lining  for  this  variation  in 
length.  As  a  car  with  metal  lining  riveted  to  the  framing  has 
the  advantage  in  strength,  weight,  and  cost,  it  will  gain  in  favor; 
in  fact,  it  would  be  at  present  universally  preferred  if  all  rail- 
road shops  had  practical  experience  with  steel  lining,  and  the 
necessary  proficiency  and  machinery  for  its  manufacture. 

6  Third:  Insulation.  Three  general  principles  have  been 
used  for  car  insulation : 

a  AVood  lining. 

h  By  placing  insulating  material  on  the  outside  of  steel 

lining. 
c  By  placing  insulating  material  on  the  outside  of  the 

steel  lining,  and  on  the  inside  of  the  steel  sheathing. 

7  Experiments  have  been  made  also  with  other  methods,  such 
as  completely  filling  the  space  between  sheathing  and  lining  with 
block  magnesia  and  magnesia  cement.  The  problem  that  pre- 
sents itself  is:  Given  a  car  body  with  a  comparatively  smooth 
exterior  surface  protected  by  several  coats  of  paint,  double  walls, 
painted  on  both  sides — if  of  steel,  isolated  air  spaces,  rather  large 
in  volume,  between  the  walls,  an  inside  cubic  volume  in  which 
the  air  must  be  continually  reneAved,  and  a  window  surface  of 
about  one-third  of  the  area  of  the  side  walls.  When  single  win- 
dows are  used  the  air  close  to  the  windows  is  cold  in  winter,  and 
warm  in  summer.  Double  windows  improve  the  situation  inate- 
rially. 

8  Experiments  made  to  determine  the  difference  between  a 
wooden  and  a  steel  coach,  with  doors  and  windows  closed,  stand- 
ing on  a  siding  exposed  to  the  sun  in  hot,  sunnner  Aveather, 
showed  a  difference  of  one  to  two  degrees  in  favor  of  the  wooden 
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coach.  One  day's  readings  showed  an  average  of  one  degree  dif- 
ference in  temperature  in  favor  of  the  steel  coach,  which  had 
insulation  only  on  the  outside  of  the  lining.  The  results  of  sev- 
eral years'  experience  indicate  that  the  lining  must  be  insulated 
throughout,  and,  if  the  spaces  between  lining  and  sheathing  are 
properly  isolated,  little  is  gained  by  insulating  the  sheathing,  and 
more  will  be  gained  by  the  use  of  double  windows.  Furthermore, 
the  heat  lost  in  cold  weather  by  conduction  through  and  radi- 
ation from  the  walls,  in  cars  with  insulation  on  the  lining  alone, 
is  negligible  when  compared  with  the  heat  carried  off  by  adequate 
ventilation, 

9  Fourth:  Protection  and  Safety  of  Passengers.  This  prob- 
lem involves  providing  adequate  strength  for  carrying  the  load, 
also  to  prevent  collapse  or  crushing  in  wrecks,  and  efficient 
brakes. 

10  The  laws  governing  load-carrying  strength  are  well  known, 
but  this  cannot  be  said  of  the  laws  governing  wrecks.  Each 
wreck  forms  a  separate  study,  and  we  seldom  find  two  that  can 
be  placed  in  the  same  class.  The  study  of  Avrecks,  which,  unfor- 
tunately, do  occur,  shows  that  the  car  underframe  must  be  rea- 
sonably strong  to  resist  end  strains,  that  the  ends  of  the  super- 
structure must  be  reinforced  with  strong  vertical  members,  and 
that  the  car  must  not  collapse  when  rolled  down  an  embank- 
ment. The  gradual  elimination  of  crossings  at  grade  has  mate- 
rially decreased  the  danger  of  strains  directed  against  the  sides 
of  the  car. 

11  Early  experience  with  steel  freight  cars  showed  clearly 
that  the  men  handling  cars  in  yards  believed  that  all  cars  built 
of  steel  could  withstand  much  rougher  handling  than  wooden 
cars.  Although  the  resultant  damage  to  both  kinds  of  freight 
cars  had  its  disadvantages,  it  developed  a  better  knowledge  of 
the  relative  value  of  steel  and  wood  in  car  construction,  led  the 
designer  to  abandon  the  basis  of  ultimate  strength  of  the  mate- 
rial, and  to  substitute  the  basis  of  elastic  limit,  and  finally  to 
select  a  ratio  of  4  to  1  as  the  relation  of  the  elastic  limit  of  steel 
as  used  in  cars  to  that  of  good  timber. 

12  That  not  all  designers  of  steel  passenger  cars  had  the  ad- 
vantage of  this  knowledge,  or  profited  by  this  experience,  is 
evidenced  by  some  of  the  car  designs  which  have  been  illustrated 
in  the  technical  papers  in  the  past  years  and  which  proved  funda- 
mentally defective. 
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13  Selecting  from  the  last  generation  of  wooden  cars  one  used 
in  heavy  trunk  line  service,  with  four  5-in.  by  9-in.  wooden  sills 
bunched  together  near  the  center,  and  so  located  as  to  be  nearly 
uniformly  affected  by  the  end  strains,  steel  platforms  with  draft 
gear  securely  attached,  and  the  remainder  of  the  car  to  corre- 
spond, the  analysis  of  its  end-shock  resisting  capacity  leads  to 
the  consideration  of  the  elasticity  of  the  material,  the  transverse 
bracing  preventing  buckling,  the  concentration  of  strength  near 
the  longitudinal  center  line  of  car,  and  the  reinforcement  at 
the  platforms. 

14  The  wooden  car,  therefore,  meets  many  of  the  require- 
ments enumerated  before.  A  corresponding  steel  car  should  have 
a  center  sill  area  of  45  sq.  in.  braced  against  buckling,  a  strong 
and  efficient  draft  gear  as  a  substitute  for  the  elasticity  of  the 
wood,  and  a  ratio  of  0.04  for  stress  to  end  force,  the  calculations 
to  include  consideration  of  lever  arm  of  force  below  neutral  axis 
of  the  center  sills.  For  lighter  service  a  steel  car  with  center 
sill  area  of  32  sq.  in.  and  a  ratio  of  0.05  for  stress  to  end  force 
may  be  considered  as  a  substitute  for  a  wooden  car  with  four 
4-in.  by  8-in.  sills  bunched  near  the  center  of  the  car.  The  use 
of  steel  permits  a  distribution  of  material  to  better  advantage 
than  is  possible  with  wood.  The  box  girder  center  construction 
is  continually  gaining  in  popularity,  the  strong  vertical  members 
at  car  ends,  to  prevent  one  car  overriding  and  penetrating  the 
superstructure  of  another  car,  are  now  considered  a  necessity, 
and  a  superstructure,  including  roof  sufficiently  strong  to  bear 
the  car  when  turned  upside  down  without  collapsing,  is  very 
desirable. 

5  To  avoid  making  this  paper  too  long  other  interesting  prob- 
lems will  be  omitted,  but  the  truck  problem  deserves  brief  con- 
sideration. There  are  four-Avheel  and  six-wheel  trucks.  They 
have  4l^-in.  by  8-in.,  5-in.  by  9-in.,  5i/^-in.  by  9-in.  and  5i4.-in. 
by  10-in.  journals. 

16  The  impression  that  cars  with  six-wheel  trucks  necessarily 
have  better  riding  qualities  than  those  with  four-wheel  trucks 
has  proved  to  be  incorrect.  The  substitution  of  four-wheel 
trucks  for  six- wheel  trucks  saves  about  18,000  lb.  per  car.  In- 
creased journal  bearing  surface  obtained  by  an  increase  of  diam- 
eter of  journal  only  is  of  little  or  no  benefit  in  preventing  hot 
boxes,  because  the  periphery  velocity  increases  in  the  ratio  of 
the  diameters.    The  weight  per  journal  should  not  exceed  1500 
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lb.  per  in.  length.  A  long  spring  base,  low-lying  center  plate, 
and  anchoring  the  dead  levers  to  the  car  body  instead  of  to  the 
truck  frame  promote  smooth  action  and  easy  riding  at  all  times. 
The  equalizing  springs  should,  therefore,  be  placed  as  near  to 
the  journal  boxes  as  possible,  or  directly  over  the  boxes,  and  the 
bolster  springs  should  be  on  or  near  the  center  line  of  truck  sides. 
If  the  dead  levers  of  the*  truck  brake  are  anchored  to  the  car 
body,  the  truck  frames  have  no  tendency  to  tip  up  when  the 
brakes  are  applied,  and  the  jarring  effect  is  entirely  eliminated. 
A  special  axle  with  5i/2-in.  by  11-in.  journal  for  passenger  cars 
would  be  of  material  benefit,  would  permit  using  four-wheel 
trucks  under  all  coaches  and  60-ft.  baggage  cars,  and  longer  cars 
with  six-wheel  trucks  would  haA^e  sufficient  margin  for  the  exces- 
sive loads  sometimes  encountered  and  the  danger  of  hot  boxes 
would  be  avoided. 


UNDERFRAMES  FOR  STEEL  PASSENGER  CARS 

By  John  McE.  Ames,^  New  Yokk 

Non-Member 

This  paper  will  be  confined  to  iinderframes  of  steel  passenger 
cars  for  through  ser^dce,  or  those  at  least  70  ft.  long,  and  will 
not  attempt  to  discuss  those  of  suburban  or  individual  service, 
whose  underframes  are  not  subjected  to  the  same  severe  service 
strains. 

2  The  underframe  is  called  upon  to  perform  several  func- 
tions. Not  only  must  it  sustain  the  weight  of  the  superstructure 
and  load,  but  withstand  impact,  oscillation  and  pulling  strains 
without  distortion.  Were  it  not  for  these  conditions  the  under- 
frame  might  be  considered  as  a  bridge  resting  upon  the  center 
plates  and  side  bearings  as  piers.  Were  we  to  design  to  meet 
only  the  carrying  requirements  the  problem  would  not  be  diffi- 
cult, but  the  design  must  also  be  commercial,  not  over  heavy 
and  in  addition  sufficiently  strong  to  resist  impact;  commercial 
in  that  plates  and  shapes  employed  are  such  as  may  readily  be 
secured  from  the  steel  mills,  and  not  so  heavy  as  to  bring  undue 
work  upon  either  the  hauling  locomotive,  rails,  frogs,  bridges,  etc. 

3  The  natural  division  of  such  designs  is: 

a    Underframes  designed  to  carry  equally  on  all  sills 
h     Underframes  designed  to  carry  on  center  sills  only 
c     Underframes  designed  to  carry  on  sides  only 
G    Underframes  designed  to  carry  on  sides   and  center 
sills 

4  Each  of  these  types  has  its  partisans  and  each  type  is  in 
successful  operation  today.  The  first  is  the  type  used  abroad 
almost  universally  and  at  home  for  repairs  under  wooden  cars, 
the  bodies  of  which  are  too  good  to  destroy  but  need  better  un- 

^  Mechanical  Engineer,  American  Car  and  Foundry  Company,  1G5  Broad- 
way. 
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derframing.  With  most  of  the  foreign  cars  the  body  rests  upon 
and  is  bolted  to  the  iinderframe  from  which  it  may  readily  be 
removed.  The  buffing  and  draft  conditions  diifer  from  ours  in 
that  the  butt'  is  taken  through  the  side  sills  by  the  use  of  separate 
side  buffers,  and  the  draft  through  the  center  sills  thus  permit- 
ting a  distribution  of  metal  in  each  sill  member  that  may  produce 
uniform  stress. 

5  An  example  of  the  first  type  designed  for  a  Avooden  super- 
structure, consists  of  four  deep  sills  of  what  is  known  as  the 
"fish-belly"  type  (Fig.  1).  These  center  sills  are  composed  of 
5/16-in.  plates,  30  in.  deep  at  the  center  with  3  in.  by  3  in.  by  %  in. 


z-o- 


FiG.  1     Type  a 


Section  at  Draft  Si  1 1 

Weight  of  Car  carried  equally- on  Center  and  Side  Sills 


angles  riveted  along  the  top  and  bottom  edges ;  the  plates  reduced 
to  a  depth  of  123/4  in.  over  the  bolster.  The  center  sills  have  a 
square  inch  section  of  37  at  the  center,  just  as  the  side  sills,  and 
26  at  the  draw  gear.  One  disadvantage  in  these  long  plate  sills 
is  that  when  punching  the  line  of  holes  along  the  edges  the  plate 
becomes  distorted  and  wavy.  It  is  then  difficult  to  rivet  the  angles 
in  place  and  obtain  their  full  value.  Again,  in  case  of  accident 
and  the  dropping  of  the  underframe  upon  the  roadway,  the  bot- 
tom angles  arei)ent  or  broken,  making  a  difficult  repair  operation. 
6  In  general  the  deep  side  sill  has  been  discarded  because  of 
the  difficulty  of  inspection  beneath  the  car.  The  deep  center  sill 
is  much  in  vogue  at  present  because  it  looks  strong,  but  on  a 
car  with  deep  center  sills  inspection  must  be  made  of  the  parts 
attached  to  the  underframe  from  one  side  of  the  car  at  a  time, 
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and  the  introduction  of  axle  light  equipment  becomes  difficult 
on  account  of  the  interference  with  the  deep  sills.  Again,  to 
sustain  its  own  weight  without  deflection  on  a  60  ft.  span,  too 
much  weight  of  metal  is  required  to  make  such  a  sill  economical. 
7  Of  the  second  type,  that  is,  with  the  whole  weight  to  be 
carried  on  the  center  sills,  a  common  form  (Fig.  2)  has  center  sills 
of  two  special  18-in.  channels  with  i/^-in.  cover  plates  top  and  bot- 
tom, all  sections  extending  full  length  of  the  car  in  one  piece. 
The  box  girder  so  formed  has  a  square  inch  section  of  50,  and 
the  superstructure  load  is  transferred  to  these  sills  by  means  of 
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Fig.  2     Type  h:  Whole  Weight  Carried  on  Center  Sills 

four  cross  bearers,  two  of  which  take  the  place  of  the  body  end 
sills  in  other  designs.  There  are  no  side  sills  as  such,  the  angles 
here  shown  simply  forming  the  attachment  for  the  superstruc- 
ture. The  parts  are  usually  assembled  with  the  bottom  of  the 
sills  upward  and  allowed  to  deflect.  The  girder  is  then  reversed 
and  the  camber  straightens  out  by  the  Aveight  of  the  metal.  The 
sills  are  the  same  depth  and  section  throughout  their  entire 
length  and  with  this  construction  a  truck  of  special  design  must 
be  used,  the  center  plate  of  which  must  be  nearer  the  rail  than 
usual.  The  weight  of  the  body  rests  upon  the  si'de  bearings  as 
well  as  the  center  plate.  About  20  sq.  in.  of  metal  in  the  sides  is 
available  to  help  sustain  the  load.  The  service  given  by  this 
underframe  has  been  excellent. 

8     The  third  type,  with  all  the  weight  carried  by  the  car 
sides  has  the  center  sills  used  only  for  buffing  and  pulling.    An 


JOHN     MC  E.     AMES  799 

example  shown  in  Fig.  3  has  two  I-beams  running  full  length 
of  the  car  in  one  piece,  with  a  square  inch  sectional  area 
of  23.  They  are  held  up  by  the  three  cross  bearers  which  pass 
under  and  are  attached  to  them.  There  are  no  side  sills,  the 
carrying  members  being  the  sides  of  the  car.  These  members 
are  composed  of  Vs-in.  plates,  about  36  in.  deep,  stiffened  ver- 
tically by  the  window  posts  and  having  a  6  in.  by  6  in.  by  %  in. 
angle  at  the  bottom  and  an  equal  square  inch  section  of  metal 
at  the  belt  rail,  the  two  girders  having  a  square  inch  section 
of  48  in  all.  With  this  construction  a  substantial  body  bolster 
is  essential,  as  the  load  must  be  carried  at  the  bolster  extremi- 
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Fig.  3    Type  c:  Weight  carried  by  Car  Sides,  Center  Sills  used  only 
FOR  Buffing  and  Pulling 

ties.  Usually  a  cast-steel  structure,  built  into  the  underframe 
and  securely  riveted  to  it,  is  used,  the  metal  may  thus  be  econom- 
ically distributed.  With  an  underframe  of  this  type  there  is  no 
trouble  due  to  difficulty  of  inspection  or  interference  with  attach- 
ment for  axle  light  or  other  equipment  under  the  car. 

9  The  fourth  type  (Fig.  4)  is  a  combination  of  types  6  and  c. 
Here  deep  center  sills  are  used,  having  a  square  inch  section  of,  say 
40  at  the  center  and  39  in  cast  steel  at  the  draw  gear.  The 
side  girders  have  a  square  inch  section  of  21  in  the  two.  Most 
underframes  of  this  type  now  in  service  are  built  with  cast-steel 
end  portions  which  include  in  one  casting  the  body  bolster, 
platform,  side  and  center  sills  extending  as  far  back  of  the  bolster 
as  may  be  necessary  to  secure  a  substantial  connection  to  the 
center  sills  proper.  This  center  member  we  do  not  consider  as 
properly  constructed  for  the  reason  that  the  section  is  unbalanced, 
an  excess  of  metal  being  used  on  the  top.    Heavier  angles  or  a 
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cover  plate  should  be  used  on  the  bottom,  which  would  add  about 
10  sq.  in.  or  more  of  metal. 

10  The  four  types  illustrated  are  of  underframes  actually  in 
service.  A  comparison  of  cross-sections  discloses  the  fact  that  no 
matter  from  what  angle  the  designer  has  approached  the  problem, 
approximately  the  same  square  inch  cross-section  has  resulted. 
If,  therefore,  any  one  type  has  an  advantage  in  weight  over  the 
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Section  at  Draft  Sill 

4     Type  d\  Weight  Carried  both  by  Center  Sills  and  Car  Sides 


others,  it  must  be  attributed  to  difference  in  the  cross  members  of 
the  underframe. 

11  These  four  prevalent  types  have  been  recognized  by  the 
United  States  Government.  The  specifications  of  the  PostofRce 
Department  for  the  construction  of  steel  postal  cars  provide  as 
follows : 

a    Heavy  center  sill  construction,  the  center  sills  acting 

as  the  main  carrying  member. 
h     Side-carrying  construction,  the  sides  of  the  car  acting 
as  the  main  carrying  members,  having  their  support 
at  the  bolsters. 
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c     Underframe  construction,  in  which  the  load  is  carried 

by  all  the  longitudinal  members  of  the  lower  frame. 

The  superstructure  shall  be  of  steel. 

d     Combination   construction   in   which   the  side   frames 

carry    a    part    of    the    load,    transfering    it    to    the 

center  sills  at  points  remote  from  the  center  plate 

for  the  purpose  of  utilizing  uniform  center  sill  area. 

12    While  several  of  these  types  have  been  in  service  for  a 

number  of  years  the  required  time  has  not  passed  in  which  to- 

develop  structural  defects  due  to  unseen  causes,  such  as  fatigue 

of  metal,  crystallization,  etc.      If  such  defects  exist  they  should 

make  themselves  known  during  the  next  three  or  four  years, 

if  freight  construction  is  any  criterion. 


ROOF  STRUCTURE  FOR  STEEL  CARS 

By  C.  a.  SEUi:Y,'  Chicago,  Ilu 
Non-Meruber 

Eoofs  for  steel  passenger  equipment  cars  are  of  two  classes, 
the  clearstory  type  with  minor  variations  and  the  oval  type. 
As  regards  contour  and  general  appearance,  they  are  the  same 
as  the  long  established  standards  for  wooden  cars,  but  varied  as 
to  constructive  detail,  due  to  materials  employed. 

2  The  advent  of  the  steel  car  has  rather  encouraged  the  use 
of  the  oval  or  round  roof,  as  it  is  often  called,  particularly  for 
cars  used  for  baggage,  express,  and  postal  purposes.  It  is  cheaper 
to  build  and  maintain  and  fulfills  requirements  for  such  cars. 
For  passenger  cars  the  clearstory  type  prevails  very  generally, 
as  it  assists  in  lighting  and  ventilation  and  in  decorative  effect. 

3  The  framing  for  oval  roofs  consists  of  carlines,  each  a  single 
member,  bent  to  the  shape  of  the  arch  and  extending  from  plate 
to  plate.  There  are  no  through  longitudinal  members  and  the 
roof  sheets  are  riveted  to  the  carlines. 

4  Framing  of  clearstory  roofs  is  of  two  general  classes,  one 
employing  carlines  of  one  piece  extending  from  plate  to  plate  and 
carrying  the  longitudinal  upper  deck  sills  and  plates,  and  the 
other  class  an  extension  of  the  side  framing  posts  as  far  as 
the  upper  deck  sill.  To  these  extensions  are  attached  a  member 
which  comprises  deck  posts  and  upper  deck  carlines.  It  is  diffi- 
cult to  approximate  the  strength  of  the  more  direct  lines  of  the 
oval  roof  in  the  design  of  the  clearstory  roof,  and  all  riveted 
connections  must  be  thoroughly  considered.  The  deck  sills  and 
plates  are  through  members,  act  as  end  stiff eners,  and  add  to 
the  longitudinal  strength. 

5  The  shape  of  the  carlines  of  either  type  of  roof  should  be 
such  as  to  facilitate  fastening  of  roof  and  of  the  inner  ceiling 
or  finish,  and  between  these  there  should  be  a  generous  amount 

'  Mechanical  Engineer,  Rocl<  Island  Lines. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 

802 


C.    A.    SELEY  803 

of  insulating  material  to  intercept  the  heat  of  summer  and  the 
cold  of  winter. 

6  The  committee  of  engineers  who  framed  the  specification 
for  full  postal  car  construction,  which  was  approved  by  the  Post- 
oliice  Department  in  March  1912,  contains  the  following  para- 
graphs in  regard  to  the  roofs  of  such  cars  and  is  probably  as 
authoritative  a  statement  as  there  is  available.  The  strength  of 
roofs  of  some  cars  that  have  been  rolled  over  in  accidents  has 
been  checked  against  the  formula  used,  and  it  has  been  found 
ample  to  afford  support  against  serious  roof  distortion  in  such 
cases. 

7  The  postal  specification  reads  as  follows: 

ROOF 

"  General 

The  roof  may  be  of  either  the  clear-story  or  turtle^back  type,  depending 
on  the  standard  contour  of  the  railroad  for  whose  service  the  cars  are 
built.  In  the  clear-story  type,  the  deck  plates  shall  be  in  the  form  of  a 
continuous  plate  girder,  extending  from  upper-deck  eaves  to  deck  sill,  and 
either  built  up  of  pressed  or  rolled  shapes  or  pressed  in  one  piece  from 
steel  plates.  The  car  lines  may  be  either  rolled  or  pressed  steel  shapes, 
extending  in  one  length  across  car  from  side  plate  to  side  plate,  or  may 
extend  only  across  upper  deck.  In  the  latter  case  the  lower  deck  earlinee 
may  be  formed  by  cantilever  extensions  of  the  side  posts  or  by  independent 
members  of  pressed  or  rolled  shapes.  In  the  turtle-back  type,  the  carlines 
may  be  of  either  pressed  or  rolled  shapes,  extending  in  one  length  across 
car  between  side  plate  and  side  plate,  or  may  consist  of  cantilever  exten- 
sions of  the  posts. 
"  Carlines 

The  projected  area  of  the  portion  of  roof  in  square  feet,  supported  by 
carlines,  divided  by  the  sum  of  the  section  moduli  of  the  carlines,  must 
not  be  more  than  100. 
"  Roof  Sheets 

Roof  sheets,  if  of  steel  or  iron,  shall  be  of  a  minimum  thickness  of  0.05 
inches,  and  either  riveted  or  welded  at  their  edges." 

8  The  design  of  the  roof  is  also  subject  to  the  general  para- 
graphs on  stresses  and  details  of  the  postal  car  specification. 

9  There  are  several  bills  in  Congress  having  in  view  the  sub- 
stitution of  steel  passenger  equipment  on  railroads  for  present 
wooden  cars.  Should  any  of  these  become  law,  specifications 
for  construction  will  be  necessary,  and,  as  the  postal  car  specifica- 
tion has  been  approved  and  adopted  as  standard  by  the  Govern- 
ment, no  doubt  this  specification  will  be  used  as  a  basis  in  de- 
termining the  requirements  for  other  steel  passenger  equipment 
cars,  not  only  for  the  roofs,  but  for  the  other  features  of  con- 
struction. 


SUSPENSION  OF  STEEL  CARS 

Bt  E.  W.  Summers/  Pittsburgh,  Pa. 
Non-Member 

If  we  could  operate  steel  cars  over  rails  having  no  kinks, 
curves  or  irregularities  in  their  alignment,  in  other  words,  over 
an  absolutely  straight  track,  there  would  be  little  need  of  springs 
or  other  devices  for  flexible  support. 

2  Unfortunately  the  roadways  we  have  to  contend  with  can- 
not be  made  or  maintained  in  true  alignment.  Frost  and  water 
make  constant  changes  in  the  track  support.  Lateral  curvature 
requires  super-elevation  of  the  outer  rail.  In  passing  from  a 
tangent  to  a  curve,  or  vice  A'ersa,  the  tracks  under  one  truck  are 
in  wind  with  those  under  the  other  one,  sometimes  as  much  as 
4  or  5  in.  depending  upon  the  degree  of  curvatui-e  and  the  length 
of  the  car. 

3  Steel  car  bodies  of  the  enclosed  type,  such  as  box  cars,  mail, 
baggage,  or  passenger  coaches,  are  of  rigid  construction  and  have 
high  torsional  resistance.  A  three-legged  stool  on  an  irregular 
floor  surface  will  stand  upon  all  of  its  legs  while  one  having  four 
legs  may  carry  all  of  its  load  upon  two  diagonal  supports. 

4  The  use  of  truck  springs  helps  the  illusion  that  we  are 
distributing  the  car  body  load  on  all  of  the  wheels.  The  uneven 
deflection  of  the  springs  indicates  directly  the  increased  load  of 
one  spring  over  the  other.  When  the  track  surface  is  warped 
more  than  the  total  spring  travel,  the  whole  load  is  carried  at 
two  diagonal  corners,  tending  to  twist  the  car  body.  This  twist- 
ing tendency  is  constantly  changing,  first  in  one  direction  and 
then  in  the  other,  as  the  super-elevated  rail  changes  from  one  side 
of  the  track  to  the  other.  The  effect  upon  wooden  passenger 
cars  is  to  work  the  joints  loose  and  cause  them  to  screech  and 
grind  like  the  spokes  of  a  wooden  wagon  wheel  in  hot  dry 
weather. 

'  President,  Summers  Steel  Car  Company. 
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5  The  side  bearings  of  steel  sleeping  cars  pop  like  sledge  ham- 
mer blows  when  the  car  is  taking  or  leaving  a  curve.  The  slight 
twist  in  the  track  surface  throwing  excessive  load  upon  two  diag- 
onal corners  of  the  car  causes  the  bearings  to  grip  and  adhere 
to  each  other  coincident  with  the  slewing  of  the  truck.  When 
the  twisting  of  the  truck  exceeds  the  play  in  the  parts  around 
the  truck  bolster  the  side  bearings  let  loose  and  jump  with  the 
resulting  hammer  blows.  More  efficient  roller  side  bearings  may 
prevent  the  gripping  and  jumping,  but  the  uneven  load  is  still 
present.     The  tAvisting  effect  upon  the  car  body  is  not  removed. 

6  Failure  in  roofs  of  wooden  box  cars  and  the  resulting  dam- 
age to  merchandise  in  transit  is  due  to  this  constant  twist.  Roof 
designers  have  attempted  to  remedy  this  by  making  the  roof  flex- 
ible and  with  slip  joints.  To  be  consistent  they  should  go  further 
and  make  the  whole  car  of  India  rubber.  A  practical  construction 
for  the  enclosed  type  of  steel  car  bodies  must  and  always  will  be 
rigid  and  of  high  torsional  resistance. 

7  The  necessity  for  flexibility  l)etween  the  car  body  and  the 
trucks,  and  for  an  even  distribution  of  the  load  upon  all  of  the 
wheels  seems  not  to  be  fully  appreciated  as  yet,  but  with  each 
succeeding  year  wrecks  due  to  broken  rails,  wheels  and  truck 
structure  will  drive  this  home.  Suspension  of  steel  cars,  as  has 
been  developed  by  the  writer  in  the  past  three  years,  does  permit 
of  a  more  even  distribution  of  the  load  upon  the  Avheels  than 
with  center-bearing  trucks. 

8  Fig.  1  is  an  illustration  of  a  cross-section  through  an  engine 
tender  at  the  center  of  one  of  the  trucks.  It  illustrates  the  method 
of  suspension  referred  to  and  is  applicable  to  any  kind  of  car. 

9  The  inclined  hangers  «,  the  cradle  h,  and  the  side  rockers  c 
are  shown  heavily  shaded.  There  are  two  inclined  hangers  at 
each  side  of  each  truck.  A  heavy  rectangular  bar  extends  through 
the  lower  ends  of  the  hangers  a.  A  cast-steel  bracket,  which  is 
part  of  the  car  underframe,  rests  upon  each  end  of  the  rectangu- 
lar bar.  The  upper  ends  of  inclined  hangers  a  are  supported 
upon  the  outer  end  of  the  cradle  which  rests  upon  the  segmental 
rocker  c  and  transmits  the  car  body  load  directly  into  the  truck 
side  frame.  The  lower  ends  of  hangers  a  are  maintained  a  fixed 
distance  apart  transversely  of  the  car,  by  reason  of  the  brackets 
d  being  a  fixed  part  of  the  car  underframe.  Their  upper  ends 
are  held  at  a  fixed  transverse  distance  by  their  connection  with 
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the  cradle  h.     Both  the  upper  and  lower  ends  of  bars  a  are 
pivotally  connected  with  rolling  contact. 

10  With  one  end  of  a  car  on  level  track  and  the  other  end 
having  one  rail  at  a  higher  elevation,  the  tendency  will  be  for 


Fig.  1     Cross-Section  of  Engine  Tender  at  Center  of  One  of  Trucks 


the  high  rail  to  carry  all  of  the  load  at  that  end  of  the  car, 
or  to  have  the  car  support  taken  at  two  of  its  diagonal  corners. 
11  With  inclined  hanger  suspension  the  car  will  swing  side- 
ways, the  hangers  at  the  high  mil  swinging  inward  and  down- 
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ward,  while  the  ones  at  the  other  end  of  the  cradle  swing  out- 
ward and  upward,  picking  up  the  load  at  the  low  rail  and  main- 
taining its  distribution  on  all  of  the  wheels  much  the  same  as 
if  suspended  by  two  bars  from  a  point  O  at  the  intersection  of 
the  center  line  of  the  inclined  hangers  extended..  The  load  or 
rigid  car  body  will  find  its  own  position  vertically  under  this 
conimon  point  of  support  ()^  each  of  the  extended  suspension 
bars  taking  its  share  of  the  load. 

12  The  slight  warping  of  the  track  surface,  which  causes 
all  of  the  load  to  be  carried  on  half  of  the  wheels  at  two  diagonal 
corners  of  a  rigid  car  body  with  the  ordinary  center-bearing 
truck,  is  corrected  by  the  short  inclined  suspension  bars  a,  practi- 
cally the  same  as  if  the  suspension  was  from  point  O. 

13  It  is  the  inclination  of  these  bars  that  makes  vertical  ad- 
justment possible,  one  bar  swinging  inward  and  downward,  the 
other  swinging  outward  and  upward  at  one  end  of  the  car,  the 
bars  at  the  other  end  swinging  in  the  opposite  direction,  the  car 
body  finding  its  position  much  the  same  as  a  boat  does  in  water. 

14  Imagine  the  bars  a  at  one  end  of  a  car  swung  to  the  left, 
as  shown  in  the  unshaded  dotted  position,  and  at  the  other  end 
swung  to  the  right  an  equal  amount:  this  makes  correction  for 
a  warped  track  surface  of  about  8  in.  in  the  length  of  a  car.  Or, 
imagine  the  hangers  a  swung  to  the  left  at  both  ends  of  the  car, 
as  shown  in  the  dotted  position:  this  is  the  inclination  the  car 
body  will  assume  in  rounding  a  sharp  curve  at  high  velocity, 
the  top  of  the  car  leaning  inward  and  the  bottom  swinging  out- 
ward, the  position  assumed  by  a  bicycle  rider  in  rounding  a  curve. 

15  The  cradle  h  is  pivoted  about  a  vertical  axis  on  the  king 
pin  e  and  can  also  have  movement  transversely  of  the  car,  this 
movement  being  limited  by  the  action  of  springs  /.  On  account 
of  the  inertia  of  the  car  body  and  its  load,  the  cradle  moves  trans- 
versely of  the  car,  rotating  the  hangers  about  their  lower  ends 
when  rough  track  is  encountered  at  high  speed.  Without  this 
cradle  movement,  the  inclined  hangers  are  impracticable:  with 
it,  the  car  body  movement  is  without  jar  or  jerk  and  we  have 
perfect  adjustment  for  all  track  conditions. 

16  The  car  body  is  carried  at  each  side  almost  directly  under 
its  rigid  side  girders,  which  by  position  have  great  depth  and 
can  carry  the  load  with  the  least  deflection.  Floor  beams  may 
be  made  continuous  from  side  to  side  of  the  car.  The  necessary 
buffing  and  tugging  column  may  be  disposed  with  its  web  in  a 
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horizontal  position  under  the  transverse  beams,  greatly  simplify- 
ing the  car  framing. 

17  With  the  advent  of  steel  construction  for  enclosed  cars  a 
rigid  structure  came  into  use,  one  that  cannot  be  handled  over 
rough  track  as  we  have  been  handling  the  spongy  wooden 
structure.  There  may  be  much  hewing  and  chopping  into  old 
methods  before  the  necessary  compromise  is  made  between  the 
rigid  car  body  and  the  changeable  track  surface,  but  why  not  do 
it  all  at  once,  and  stop  fooling  with  dynamite? 


SIX-WHEEL  TRUCKS  FOR  PASSENGER  CARS 

By  John  A,   Pilcher,  Roanoke,  Va. 
Member  of  the  Society 

Consideration  of  the  subject  of  trucks  for  steel  passenger  cars 
is  practically  a  consideration  of  trucks  for  any  passenger  car, 
the  primary  thought  being  that  steel  passenger  cars  should  have 
steel  trucks  to  prevent  the  possibility  of  fire,  and  also  because 
of  their  great  weight,  metal  is  the  most  suitable  material  for 
strength  and  durability  that  can  be  used  in  the  limited  space 
available  for  the  truck.  The  fire  damage  from  a  wooden  frame 
truck  could  not  be  serious  on  a  steel  car,  and  there  are  w^ooden 
cars  equally  as  heavy  as  the  general  run  of  steel  cars;  the  writer 
having  one  in  mind  in  the  construction  of  which  the  sills  were 
plated  with  8-in.  channels,  weighing  172,700  lb.  A  few  steel  cars 
weigh  as  much  as  this,  but  we  have  no  record  of  any  weighing 
more.  However,  for  steel  passenger  cars  we  will  consider  only 
the  all-steel  truck. 

2  Practice  of  the  past  brings  to  our  attention  the  pedestal 
type  of  passenger  truck  construction  both  for  four-wheel  and 
six-wheel  trucks,  the  general  characteristics  of  both  being  iden- 
tical. The  six-wheel  truck  with  the  same  size  axle  is,  of  course, 
capable  of  greater  load  and  also  of  transmitting  to  the  car  the 
track  irregularities  to  a  less  extent,  because  the  results  of  the 
irregularities  are  modified  by  the  system  of  equalization.  In  the 
six-wheel  truck  the  location  of  the  equalizer  springs  is  fixed  at 
a  definite  point  between  the  wheels. 

3  While  the  details  of  these  two  trucks  diifer  slightly,  their 
functions  are  practically  identical.  Both  trucks  have  been  used 
for  a  considerable  length  of  time,  but  the  four-wheel  truck  was 
evidently  developed  first  and  its  necessary  functions,  determined 
by  experience,  were  later  incorporated  in  the  design  of  the  six- 
wheel  truck,  which  was  probably  first  brought  about  by  the  in- 
creased loads. 

4  Except  for  the  especially  constructed  truck  used  by  the 
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Pennsylvania  Railroad  and  one  other,  which  we  understand  has 
been  designed,  these  ai"e  the  only  regular  types  of  trucks  avail- 
able. 

5  Wheels.  For  passenger  service,  the  wheels  have  been  prac- 
tically narrowed  down  to  steel  tired  wheels  and  wrought-steel 
wheels.  The  steel  tired  wheels  have  been  of  many  forms  of  cen- 
ters and  fastenings ;  the  latest  recommended  practice  of  the  Mas- 
ter Car  Builders  Association  is  that  the  tire  be  shrunk  on  and 
bolted.  The  recent  development  of  the  solid  wrought-steel  wheel 
has  made  available  for  passenger  car  service  a  wheel  equally  as 
safe  and  durable  as  the  steel  tired  wheel  at  a  very  much  reduced 
cost.  The  Master  Car  Builders'  recommendations  recognize 
both  the  36-in.  and  38-in.  size  in  this  wheel  for  passenger  service, 
the  36-in.,  however,  being  the  most  generally  used.  These  wheels, 
if  carefully  turned,  should  give  as  satisfactory  service  as  any 
wheels  available. 

6  Axles.  The  standards  of  the  Master  Car  Builders  Asso- 
ciation gives  the  choice  of  selection  of  four  sizes  of  axles : 

Size  of  Journal  Axle  Load,  Lb. 

3%  in.  X     7  in 15,000 

4%    "    X     8    " 22,000 

5        "    X     9    " 31,000 

oVa    "    X  10    " 38,000 

7  They  also  ofl'er  an  axle  as  recommended  practice  with  G  in. 
by  11  in.  journals  for  50,000-lb.  axle  load.  These  loads,  how- 
ever, are  for  freight  service;  for  passenger  service  we  would  rec- 
ommend the  use  of  from  60  per  cent  to  75  per  cent  of  the  loads 
used  in  freight  service,  based  on  the  light  weight  of  the  car, 
and  limiting  the  load  to  about  90  per  cent  of  that  in  freight 
service,  considering  the  weight  of  both  car  and  lading.  The 
lighter  rating  is,  of  course,  to  be  taken  for  cars  such  as  baggage 
and  express,  since  the  increased  weight  on  account  of  lading 
would  be  heavier,  while  the  higher  rating  could  be  taken  for 
coaches  and  similar  cars  where  the  increase  of  the  lading  would 
l)e  light.  Table  1  gives  the  sizes  of  axles,  and  relative  light 
weights  of  cars  on  this  basis. 

8  The  Postoffice  Department  has  limited  the  maximum  load 
per  wheel  for  postal  cars  to  15,000  lb.  when  using  5i/o  in.  by  9  in. 
journals,  and  to  18,000  lb.  when  using  5  in.  by  10  in.  journals, 
making  a  further  limitation  based  upon  18,000  lb.  as  the  maxi- 
mum brake  load  for  any  one  cast-iron  brake  shoe  under  emer- 
gency conditions  of  brake  application. .    This  limitation  of  wheel 
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loads,  after  deducting  the  weights  of  the  wheels  and  axles, 
allows  a  pressure  of  304  lb.  per  sq.  in.  projected  area  on  the  5 
in.  by  9  in.  journals,  and  300  lb.  per  sq.  in.  projected  area  on  the 
514  in.  by  10  in.  journals,  also  a  pressure  of  1522  lb.  per  lineal 
in.  on  the  5  in.  by  9  in.  journals,  and  1665  lb.  per  lineal  in.  on 
the  5I/2  in.  by  10  in.  journals,  and  from  the  experience  that  some 
roads  have  had  these  seem  to  be  just  as  high  as  should  be 
allowed. 

TABLE   1      SIZE  OF  AXLES  AND  WEIGHT  OF  LIGHT  CARS 


Axles,   In. 

Four-wheel  Trucks,  Lb. 

Six-Wheel  Trucks,  Lb. 

3J€  X     7 
4^   X     8 
5x9 
5H  X  10 

40,000  to     52,000 

52,000  to     72,000 

72,000  to   100,000 

100,000  to   120,000 

60,000  to     78,000 

78.000  to  108,000 

108,000  to  150,000 

150.000  to  180,000 

9  Boxes  and  (Jontained  Parts.  The  Master  Car  Builders 
Association  has  provided  standard  passenger  boxes  for  axles 
with  3%  in.  by  7  in.,  4i/^  in.  by  8  in.,  and  5  in.  by  9  in.  journals. 
For  the  51/2  in.  by  10  in.  journal,  which  is  often  in  use,  they 
have  not  yet  established  recommended  practices,  but  the  previous 
designs  are  having  their  influence  on  the  shape  of  the  box  for 
this  journal. 

10  Pedestals.  Cast-iron  pedestals  seem  to  be  usually  the  ac- 
cepted material,  and  the  Master  Car  Builders  Association  has 
also  provided  standards  to  suit  the  boxes. 

11  Equalizer  t<prings.  These  are  four  in  number  on  both  the 
four-wheel  and  six-wheel  trucks,  and  while  necessarily  provided 
with  a  limited  amount  of  deflection,  they  relieve  the  heavy  truck 
frames  of  shock,  and  on  six-wheel  trucks  provide  the  points  of 
support  for  the  proper  equalization. 

12  Wheel  Pieces  or  Side  Frames  with  Transoms  or  Gross 
Ties.  These  constitute  the  truck  frame  to  hold  the  other  parts 
in  their  relative  position,  and  at  the  same  time  transfer  the  load 
from  the  bolster  hangers  to  the  equalizer  springs.  Being  struc- 
tures supported  at  four  points,  they  necessarily  have  to  be  sup- 
ported on  springs  to  prevent  excessive  stresses  due  to  any  varia- 
tions in  the  height  of  these  four  points.  As  an  illustration,  when 
the  truck  on  a  tangent  is  approaching  a  curve  the  rise  of  the 
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outer  rail  is  about  1  in.  in  50  ft.  This  will  raise  one  of  these 
four  points  above  the  plane  passed  through  the  other  three,  and, 
while  the  ditierence  is  small  in  the  short  length  of  the  truck, 
the  irregularity  has  to  be  taken  up  by  the  springs,  otherwise 
the  truck  frame  would  be  similar  to  a  four-legged  table  with  one 
high  leg. 

13  When  we  consider  the  case  of  a  derailment  where  one 
wheel  of  the  truck,  whether  four-wheel  or  six-wheel,  falls  into 
a  deep  hole,  or  drops  from  a  high  rail,  we  find  this  condition 
exaggerated  to  such  an  extent  that  the  whole  load  will  be  sup- 
ported on  two  points.  Then  unless  the  structure  is  sufficiently 
flexible  to  follow,  it  will  necessarily  have  to  be  strong  enough 
to  resist  this  abnormal  load. 

14  The  calculation  of  the  stresses  under  such  uncertain  con- 
ditions of  loading  is  certainly  a  very  complex  problem.  It  is 
a  pertinent  question  whether  or  not  the  designers  shoidd  under- 
take to  care  for  such  an  abnormal  condition. 

15  Bolster  Hangers.  The  lateral  movement  of  the  bolster, 
one  of  the  very  necessary  features  of  a  passenger  truck,  is  usually 
accomplished  by  the  use  of  swinging  hangers.  This  movement 
should  be  limited  to  from  li/>  in.  to  1%  in.  each  side  of  the  cen- 
ter, and  in  placing  this  limit  arrangement  should  be  made  so 
that  the  stop  will  not  be  abrupt.  This  is  ordinarily  accomplished 
by  the  use  of  short  hangers,  or  when  long  hangers  are  used  by 
the  addition  of  lateral  motion  springs,  either  of  which  offers 
an  increasing  resistance.  Rollers  on  cylindrical  or  curved  plains 
can  produce  the  identical  movement  made  by  the  short  hangers. 

16  Bolster.  On  the  four-wheel  truck  the  bolster  is  a  simple 
beam,  but  on  the  six-wheel  truck  we  have  a  more  complex 
structure  resting  on  four  points  of  support.  This  condition 
brings  up  the  same  complex  problem  referred  to  in  connection 
with  the  truck  frame  supported  on  four  points,  except  that  it 
rests  on  much  more  flexible  springs  than  does  the  truck  frame. 
These  springs  can  hardh'^  be  expected  to  take  up  all  of  the  varia- 
tions in  elevation  that  will  likely  be  met  with  in  case  of  a  partial 
derailment.  The  same  question  as  to  whether  or  not  the  designer 
should  allow  for  such  abnormal  conditions  is  again  raised. 

17  Center  Plate.  The  usually  accejited  center  plate  for  pas- 
senger cars  is  of  the  spherical  pattern,  allowing  more  perfect 
adjustment,  and  more  even  distribution  of  weights  than  can  be 
obtained  from  the  flat  bottom  center  plate,  but  making  necessary 
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close  and  accurate  adjustment  of  the  side  bearings  to  prevent 
tlie  rocking  movement  between  the  car  body  bolster  and  the  truck 
bolster. 

18  The  frictionless  center  plate  would  of  course  be  very  de- 
sirable, but  conical  rollers  and  balls  of  sufficient  number,  of  the 
size  that  can  be  put  in  the  available  space,  seem  not  to  have 
been  as  successful  as  could  be  wished.  The  ingenious  designer 
is  still  at  work  on  this  particular  problem. 

19  Side  Beafings.  Side  bearings  must  be  made  so  that  they 
can  be  readily  kept  adjusted  to  reduce  to  a  minimum  the  rocking 
movement  between  the  car  body  bolster  and  the  truck  bolster, 
and  in  this  way  confine  the  oscillation  of  the  car  to  the  variation 
in  the  deflection  of  the  springs  on  either  side. 

20  The  relative  location  of  the  side  bearings,  each  side  of  the 
center,  is  a  question  often  discussed.  In  passenger  cars  the  prac- 
tise generally  is  to  place  them  at  as  great  a  distance  from  the 
center  as  practical.  This  in  our  judgment  is  correct,  and  of 
particular  advantage  in  the  case  of  frictionless  or  roller  side 
bearings. 

21  Where  the  side  bearings  are  in  actual  contact  and  the 
bolsters  are  rigid,  the  oscillation  of  the  car  is  controlled  entirely 
by  the  difference  in  deflection  of  the  springs  on  either  side,  so 
that  if  the  side  bearing  is  set  out  sufficientl}^  far  to  prevent  the 
car  body  upsetting  on  the  truck,  it  serves  its  purpose  in  prevent- 
ing car  oscillation  as  well  there  as  at  any  other  location. 

22  For  the  same  type  of  side  bearing,  it  offers  just  as  much, 
but  no  more,  resistance  to  turning  than  if  located  far  from  the 
center,  because  as  the  lever  arm  is  increased  the  pressure  is 
reduced  in  like  proportion. 

23  When  the  car  on  a  tangent  is  approaching  a  curve,  the 
rise  of  the  track  on  the  outer  rail  tends  to  bring  a  pressure  on 
the  side  bearing  of  the  leading  truck,  next  the  outside  of  the 
curve,  and  on  the  side  bearing  of  the  trailing  truck  toward  the 
inside  of  the  curve.  Where  the  side  bearings  are  in  contact  this 
variation  in  elevation  has  to  be  taken  care  of  by  the  deflection 
of  the  springs  which  have  to  deflect  the  same  amount  whether 
the  load  is  exerted  on  the  bolster,  at  a  point  near  the  center,  or 
far  away  from  the  center.  If  the  load  comes  far  from  the  center 
it  takes  much  less  pressure  to  influence  the  deflection  of  the 
springs.  This  would  be  to  the  decided  advantage  of  the  side 
bearings,  particularly  in  the  case  of  the  frictionless  side  bearing, 
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in  preventing  wear  and  would  also,  to  a  more  limited  extent, 
be  of  advantage  to  the  ordinary  fiat  side  bearing. 

24  Brakes.  On  passenger  cars,  the  pressure  on  the  brake 
shoes  approximates  the  loads  on  the  wheels.  Particularly  is  this 
the  case  of  coaches  where  the  lading  is  only  a  small  proportion 
of  the  total  weight.  In  some  braking  arrangements  the  brake 
shoe  load  is  even  greater  undei-  ceitain  conditions  than  the  wheel 
load;  therefore  the  lighter  the  wheel  loads  the  better  for  the 
brakes.  This  is  a  decided  argument  in  favor  of  the  six-wheel 
trucks  for  heavy  cars,  and  an  argument  against  the  use  of  four- 
wheel  trucks  under  heavy  passenger  cars,  even  though  the 
weights  can  be  readily  sustained  by  the  use  of  sufficiently  large 
axles. 

25  The  application  of  the  brakes  to  the  six-wheel  trucks  in 
such  a  manner  as  to  allow  for  the  adjustment  of  worn  shoes  and 
worn  wheels  is  a  very  difficult  task  on  account  of  the  limited 
space  available.  It  is  almost  impossible  to  accomplish  this  task 
with  the  use  of  wheels  less  than  36  in.  in  diameter. 

26  Six-Wheel  Trucks.  Since  steel  cars  are  of  recent  con- 
struction, and  recent  conditions  have  generally  called  for  large 
cars,  the  weight  is  almost  always  great.  The  six-wheel,  all- 
metal  truck  has  the  following  advantages  which  make  for  its 
.selection  over  other  tj^pes: 

a    It  is  non-inflammable. 

h  It  provides  a  strong  material  to  resist  the 'heavy  loads, 
and  occupies  only  a  limited  space. 

G    It  provides  a  durable  material. 

d  It  reduces  the  axle  loads,  and  the  unit  load  on  the 
bearings,  lessening  the  liability  to  hot  boxes,  reducing 
the  pressure  on  the  brake  shoes,  lessening  the  tendency 
to  heat  the  wheels  and  shoes,  adding  to  the  life  of 
the  brake  shoes,  and  reducing  the  frequency  between 
renewals  and  adjustments. 

e  It  spreads  the  heavier  loads  over  a  greater  area  of 
structures,  and  brings  more  points  of  contact  with 
the  rail,  reducing  the  influence  of  track  irregularities 
on  the  riding  of  the  car,  and  in  cases  of  very  heavy 
cars,  where  the  unit  pressure  betw^een  wheel  and  rail 
might  approximate  the  elastic  limit,  reduces  the  ten- 
dency to  shell  the  wheel  and  roll  out  the  rail,  adding 
to  the  life  of  both. 
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27  It  has  been  estimated  that  for  a  passenger  car  making 
60,000  miles  per  year,  the  cost  for  hauling  the  car  is  5  cents  per 
lb.  per  year.  If  the  six-wheel  trucks  weigh  14,000  lb.  per  car 
more  than  the  four-wheel  trucks  necessary  to  carry  the  same 
car,  it  means  the  hauling  of  14,000  lb.  additional  at  a  cost  of 
$700  per  year,  which  brings  up  a  question  for  vital  consideration. 

28  While  the  wheels,  brasses,  and  brake  shoes,  and  other  such 
removable  parts  may  individually  have  a  longer  life,  there  are 
also  more  of  them  in  service  during  the  period.  Careful  com- 
parison would  have  to  be  made  to  determine  which  has  the 
advantage  at  this  point. 

29  Four-Wheel  Trucks.  The  four-wheel,  all-metal  truck  is 
also  available  in  connection  with  steel  cars,  and  has  the  advan- 
tage of  reduced  first  cost,  reduced  weight,  smaller  number  of 
parts  to  maintain,  and  if  the  car  is  sufficiently  light  for  the  unit 
stress  between  the  rail  and  wheel  to  be  kept  down  to  a  point  well 
below  the  elastic  limit  of  the  material,  they  should  be  given 
serious  consideration.  The  only  drawback  under  these  condi- 
tions is  the  possibility  of  its  reduced  riding  qualities.  Its  de- 
cided advantage  in  reducing  the  weight  of  the  train  should  help 
to  make  it  a  favorite  because  of  the  corresponding  reduction  in 
the  cost  of  transportation. 

30  Cast-zSteel  vs.  Riveted  Wrought-Steel  Frames.  The  intro- 
duction of  heavy  passenger  equipment  is  rapidly  doing  away 
with  both  the  four-wheel  and  six-wheel  wooden  frame  trucks. 
The  reduced  cost  of  maintenance  amply  justifies  this  change  if 
our  information  is  correct.  Cast-steel  one-piece  frames,  and  riv- 
eted wrought-steel  frames  of  various  cross-sections  have  been 
worked  out  and  are  now  in  use;  both  are  reported  as  giving 
satisfactory  service,  but  figures  showing  the  exact  relative  cost 
of  maintenance  are  not  available. 

31  The  cast-steel  one-piece  frame  has  become  a  great  favorite 
even  in  the  face  of  the  high  unit  cost  of  these  particular  cast- 
ings. The  adaptability  of  the  castings  to  the  various  changes 
of  form  and  section  necessary  on  account  of  the  limited  avail- 
able space  has  no  doubt  had  much  influence.  The  attractiveness 
of  the  one-piece  structure,  eliminating  all  joints,  and  furnishing 
a  frame  ready  set  up,  is  another  strong  argument  in  its  favor. 
The  manufacturers  having  control  of  this  cast-steel  truck  frame 
have  evidently  been  successful  in  reducing  to  a  minimum  the 
concealed  flaws  often  met  with  in  steel  castings.  This,  no  doubt, 
has  added  largely  to  its  popularity. 
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32  While  the  absence  of  riveted  joints  and  the  consequent 
doubling  of  material  at  the  joints,  helps  to  keep  down  the  weight, 
the  fact  that  the  working  fiber  stress  of  cast  steel  is  taken  low, 
and  the  sections  at  many  points  have  to  be  made  larger  than  is 
necessary  on  account  of  foundry  limitation,  the  weight  of  the 
frame  as  a  whole  is  great.  This  added  to  the  large  unit  cost  for 
special  steel  castings  makes  the  user  pay  well  for  the  advantages 
gained. 

33  The  riveted  wrought-steel  frame  seems  to  have  been  held 
back  in  its  development  by  the  success  of  its  rival  in  cast  steel. 
Many  users  have  shown  conservatism  in  making  use  of  the  good 
thing  already  considered  acceptable,  hesitating  to  try  out  the 
different  construction  with  the  hope  of  lower  first  cost,  with  less 
weight,  and  equally  good  service. 

34  Wrought  steel  at  a  very  moderate  unit  cost  has  the  advan- 
tage of  being  a  very  reliable  material  which  can  be  worked  to  a 
relatively  high  fiber  stress.  The  cost  of  fabrication,  when  the  work 
is  done  in  any  large  quantity,  when  added  to  the  cost  of  material, 
will  still  leave  a  large  margin  in  its  favor.  Is  it  possible  that 
the  lack  of  an  especially  interested  advocate  has  prevented  its 
virtues  from  becoming  prominent,  and  delayed  the  experience 
needed  to  prove,  in  actual  service,  its  worth? 

35  We  find  that  practically  all  of  the  prominent  car  builders 
have  already  worked  up  designs  for  wrought-steel  trucks,  and 
are  ready  to  construct  them  if  the  purchaser  so  desires,  but  they 
do  not  seem  inclined  to  push  them,  as  they  evidently  offer  no 
special  inducement  to  their  own  advantage.  Only  a  few  have 
been  built  and  placed  under  cars  by  them,  and  in  some  cases 
none,  but  from  what  I  have  been  able  to  find  out  they  have 
confidence  in  them. 

36  I  find  several  railroad  companies  building  and  using  both 
four  and  six- wheel  trucks,  of  the  usual  type  of  construction,  with 
riveted  wrought-steel  frames,  and  from  all  reports  they  are  giv- 
ing satisfaction. 

37  Another  prominent  railroad  is  using  both  four  and  six- 
wheel  trucks,  of  a  form  of  construction  differing  from  the  ordi- 
nary type,  built  of  riveted  wrought  steel.  As  a  large  number 
of  these  are  in  daily  evidence,  and  are  constantly  being  built  by 
them,  they  must  be  proving  the  worth  of  the  riveted  wrought- 
steel  construction,  as  well  as  that  of  the  special  type  of  con- 
struction. 
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38  Experience  of  several  years  and  careful  comparison  of  the 
cost  of  maintenance  will  be  needed  to  say  whether  the  one-piece 
cast-steel  frame,  or  the  riveted  wrought-steel  frame  truck  will 
be  the  most  advantageous,  when  both  the  first  cost  and  weight 
are  considered  along  with  the  cost  of  maintenance. 

39  Variety  of  choice  offers  an  opportunity  for  discussion. 
In  the  hope  of  bringing  out  this  discussion  we  advocate  for  steel 
passenger  cars : 

a     Six- wheel  truck. 

h     The  riveted  wrought  steel  frame. 

c    The  use  of  the  Master  Car  Builders  standard  axles, 

boxes  and  parts,  and  pedestals. 
d    36-in.  wrought-steel  wheels. 


STEEL    INTERIOR    FINISH    FOR    STEEL 
PASSENGER    CARS 

By  Pglix  Koch,'  McKees  Rocks.  Pa. 

Non-Member 

Every  one  who  has  followed  the  progress  in  steel  passenger  car 
construction  during  the  last  ten  years,  which  is  about  the  age 
of  the  oldest  steel  passenger  car,  has  noticed  that  very  little,  if 
any  steel  was  used  in  the  interior  finish  until  within  the  last 
four  or  five  years. 

2  The  first  attempt  to  use  steel  in  passenger  cars  resulted  in 
steel  underfranies  with  wood  superstructure.  The  next  develop- 
ment provided  steel  underframe  and  steel  superstructure,  but 
with  wooden  roof  and  wood  interior  finish.  Further  develop- 
ments eliminated  the  wooden  roof  and  the  final  efforts  produced 
an  all  steel  car.  Considering  that  this  development  was  made 
during  a  period  of  four  years,  the  results  obtained  are,  to  say 
the  least,  highly  gratifying. 

3  The  earlier  designs  of  steel  cars  with  steel  interior  finish 
are  sometimes  called  all  steel  cars,  leaving  the  impression  that 
they  are  fire-proof  in  ever}'^  respect,  but  this  is  not  correct  be- 
cause too  much  wood  was  used  in  the  form  of  wood  furrings 
to  enable  the  application  of  the  steel  finish  with  wood  screws. 
These  furrings  were,  of  course,  not  exposed  to  view,  but  they 
nevertheless  placed  the  cars  outside  of  the  classification  "  all 
steel  cars."  The  idea  that  it  was  necessary  to  use  wood  furrings 
in  order  to  make  it  possible  to  apply  steel  finish,  or  in  other 
words,  that  wood  screws  had  to  be  used,  machine  screws  not  being 
considered  practicable,  accounts  to  some  extent  for  the  tardiness 
in  the  introduction  of  steel  in  the  interior  finish. 

4  The  earlier  specifications  and  designs  for  steel  passenger 
cars  made  the  use  of  machine  screws  for  applying  the  interior 
finish  prohibitive  and  impossible,  which,  of  course,  made  it  nec- 
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essary  to  emplo}^  other  means  such  as  bolts  or  wood  screws. 
Bolts  for  this  purpose  must  have  heads  of  special  design  to  allow 
their  insertion  through  slotted  holes,  etc.,  and  to  prevent  them 
from  falling  through  during  the  application  of  the  nuts.  The 
nuts,  being  exposed,  are  objectionable  as  they  give  an  unsightly 
appearance,  even  if  special  cap  nuts  are  used  in  place  of  the 
ordinary  nuts,  besides  there  are  many  places  on  a  car  at  which 
it  is  impracticable  to  apply  bolts.  Therefore,  to  avoid  machine 
screws  and  bolts  the  space  between  the  outside  sheets  and  the 
interior  finish  were  filled  with  wood  furring  to  allow  for  the 
use  of  wood  screws.  The  objections  to  machine  screws,  caused 
by  the  belief  that  they  would  work  loose  in  a  short  time,  has, 
however,  disappeared  from  experience  gained  through  actual 
service  as  it  has  been  shown  that  if  set  in  white  lead  and  prop- 
erly applied  they  are  entirely  reliable. 

5  There  has  always  been  and  there  still  is  a  great  difference 
of  opinion  as  to  how  far  it  is  advisable  to  substitute  metal  for 
wood  in  passenger  car  construction.  The  use  of  a  small  amount 
of  wood  in  the  interior  finish,  as  for  instance  window  sash  mold- 
ings, seat  arm  rests,  window  capping,  etc.,  should  not  be  objec- 
tionable as  it  has  certain  advantages  over  steel  which  are  desir- 
able, but  wood  is  used  for  such  details  to  a  considerable  extent, 
and  hundreds  of  cars  are  now  in  service  in  which  the  small 
amount  of  wood  used  in  the  interior  finish  cannot  be  detected 
except  by  an  expert  and  such  cars  are  to  all  intents  and  purposes 
fireproof  cars,  but  the  aim  of  many  designers  has  been  to  elim- 
inate the  wood  wherever  possible  on  account  of  the  many  advan- 
tages possessed  by  steel,  among  which  may  be  mentioned : 

a  Steel  finish  means  nrn-combustion  in  cnso  of  fire. 

h.  Steel  prevents  splintering  in  case  of  wreck. 

c  Steel  finish  can  be  easily  removed  should  it  become 
necessary  to  repaint  the  car  at  the  inside  surface  of 
steel  sheets,  as  the  life  of  the  steel  car,  to  a  certain 
extent,  depends  on  the  condition  of  the  paint, 

d  Steel  finish  makes  it  possible  to  increase  the  interior 
width  of  the  car  where  outside  width  is  limited.  This 
has  been  found  particularly  valuable  in  designing 
subway,  elevated  or  suburban  steel  i)assenger  equip- 
ment cars. 

e  Steel  finish  will  avoid  trouble  which  may  be  experi- 
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enced  due  to  different  expansion  of  materials,  steel 
against  wood.  This  point  need  not  be  considered 
with  steel  and  makes  it  unnecessary  to  provide  for 
relief  in  all  members  of  the  finish  running  longi- 
tudinally, such  as  upper  and  lower  deck  sill  moldings, 
etc.  In  fact,  the  steel  finish  has  revolutionized  to 
some  degree  the  designs  of  wood  finish  in  the  wooden 
cars  built  since  steel  cars  came  in  vogue.  The  cars 
of  today  are  built  on  more  sanitary  lines,  and  fancy 
moldings,  fretwork  and  carvings  have  disappeared 
without  losing  sight  of  giving  the  cars  an  artistic 
finish,  avoiding  thereby  lodging  and  breeding  places 
for  all  kinds  of  germs  which  the  world  is  fighting 
against  today. 

/  Steel  finish  will,  by  comparison,  be  cheaper  every  year 
for  the  reason  that  it  becomes  more  difficult  to  obtain 
the  right  kind  of  lumber  for  interior  finish,  which, 
of  course,  means  increase  in  price  of  wooden  cars. 

g  It  is  continuously  becoming  more  difficult  to  obtain 
men  who  have  had  sufficient  experience  in  applying 
wood  interior  finish,  whereas  it  does  not  take  the  same 
experienced  men  for  applying  steel  finish.  A  man 
requires  from  three  to  four  years'  apprenticeship  to 
become  an  expert  able  to  apply  wood  finish  to  a  car, 
whereas  an  average  intelligent  man  who  is  familiar 
with  tools  is  able  to  become  an  expert  in  finishing 
cars  with  steel  finish  in  from  six  to  twelve  months, 
and  this  fact  of  labor  will  have  to  be  taken  into 
account  sooner  or  later. 

h  A  more  uniform  color  can  be  maintained  on  steel  finish 
than  on  wood  which  comes  in  different  shades,  and 
it  is  ver}'^  difficult  and  expensive  to  match  perfectly 
all  parts  in  one  car  with  regard  to  shade  without 
additional  expense  of  glazing.  Furthermore,  the 
average  life  of  paint  applied  to  steel  finish  will  be 
much  greater  than  to  wood  finish  for  the  reason  that 
wood  darkens  with  age.  This,  of  course,  influences 
the  paint  which  is  a  disadvantage  from  the  stand- 
point of  illumination.  Should  it  become  necessary 
to  repaint  a  car  of  wood  finish,  reworking  of  the  fin- 
ish by  removal  of  the  varnish  and  scraping  is  neces- 
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sary,  whereas  in  the  steel  finish  the  scraping  is  elim- 
inated and  the  removing  of  varnish  is  alone  required 
to  be  able  to  repaint  the  car. 

i  Steel  finish  is  of  advantage  from  a  building  standpoint 
in  the  handling  and  working  up  of  material  to  make 
ready  for  application.  Steel  details  can  be  worked 
up  to  a  large  extent  before  they  are  applied  to  the 
cars,  which  make  it  possible  to  manufacture  the  inte- 
rior finish  in  much  less  time  by  the  use  of  more  men, 
than  it  is  possible  to  employ  when  applying  a  wood 
finish,  as  only  a  limited  number  of  men  have  room 
to  work  at  the  same  time  in  a  car  when  the  greater 
part  of  the  fitting  and  cutting,  etc.,  has  to  be  done. 
This  has  facilitated  the  establishment  of  a  number 
of  manufacturing  concerns  who  devote  their  efforts 
almost  exclusively  to  producing  steel  interior  finishes 
not  only  for  passenger  cars  but  also  for  buildings. 
In  addition  to  these  any  manufacturing  company 
equipped  with  the  necessary  u  achinery  for  the  mak- 
ing of  drawn  moldings,  breaker  presses,  and  ordinary 
welding  and  spot  welding  machines,  is  able  to  handle 
this  class  of  work  for  railroads  or  carbuilders,  who 
may  not  have  the  necessary  equipment  to  do  the  work 
in  their  own  shops  and  prefer  to  buy  the  interior 
finish  as  they  buy  other  specialities. 

(■>  All  of  these  advantages  are  almost  exclusively  confined  to 
the  use  of  steel  or  other  metals,  although  a  composite  material 
of  a  wood  pulp  nature  or  similar  material  made  fireproof  and 
Avaterproof  by  different  processes,  if  applied  in  a  proper  way 
and  used  for  ceilings  and  below  the  window  sills,  is  not  objec- 
tionable, and  it  maj  be  applied  in  practically  the  same  manner 
as  steel. 

7  The  advantages  possessed  by  wood  over  metal  as  a  non- 
conductor can  be  very  much  reduced  by  the  use  of  proper  insu- 
lating material  correctly  applied.  The  use  of  proper  insulation 
is  of  course  of  great  importance  and  manufacturers  of  that  class 
of  material  as  well  as  railroads  and  car  builders  are  giving  a 
great  deal  of  attention  to  the  subject,  and  the  time  does  not  seem 
to  be  far  distant  when  steel  cars  with  interior  finish  of  wood 
will  be  as  scarce  as  steel  passenger  cars  were  ten  years  aeo. 
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8  A  great  deal  more  could  be  said  on  this  subject,  but  it  is 
hoped  that  what  has  been  brought  out  will  show  that  steel  inte- 
rior finish  has  certain  advantages  not  possessed  by  other  material 
commonly  used  in  passenger  cars  and  that  the  disadvantages 
are  few  and  not  insurmountable. 


PAINTING  OF  STEEL  PASSENGER  CARS 

By  C.  D.  Young,  Altoona,  Pa. 
Member  of  the  Society 
A  fundamental  reason  for  painting  any  surface  of  a  passen- 
ger car  is  to  protect  it  from  the  damaging  effects  of  the  aii- 
which  is  more  or  less  loaded  with  gases  and  moisture.  For  ex- 
ample, oxygen  is  destructive  of  iron  and  steel  and  when  sul- 
phurous gases  are  present  they  are  quickly  oxidized  into  sul- 
phuric acid  which  is  very  corrosive  to  unprotected  metallic  sur- 
faces. It,  therefore,  becornes  necessary  to  protect  the  surface  by  a 
covering,  and  paint  forms  a  substantial  and  convenient  means  for 
accomplishing  this.  If  properly  made  and  applied,  it  is  an  im- 
pervious coating,  affording  the  needed  protection  by  forming  a 
hard  waterproof,  rubber-like  sheeting  or  film  which  has  sufficient 
elasticity  to  conform  itself  to  the  contraction  and  expansion  of 
the  surfaces  to  which  it  is  applied.  In  addition  to  protection 
the  surfaces  may  be  beautified  and  embellished  by  the  proper  se- 
lection of  pigments  so  as  to  bring  about  the  harmonizing  and 
artistic  effects  desired. 

WOODEN    EQUIPMENT 

2  The  painting  of  Avooden  passenger-car  equipment  has  been, 
in  the  main,  successfully  accomplished,  the  painting  schedule 
for  the  outside  is  briefly  as  follows:  Apply  two  coats  of 
primer,  putty  and  glaze,  followed  by  three  or  four  coats  of  sur- 
facers,  as  found  necessary,  after  which  the  surfaces  are  rubbed 
down  smooth  with  emery  and  oil,  when  two  coats  of  shade  color 
are  put  on.  The  necessary  striping  and  lettering  follows,  com- 
pleting by  three  coats  of  finishing  varnish,  consuming  in  all 
about  sixteen  to  eighteen  days. 

3  The  finishing  of  the  interior  of  wooden  cars  generally  has 
been  in  the  natural  wood,  consequently  it  is  only  necessary  to 
prepare  the  surface  for  the  varnishing.     A  representative  sched- 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     AU  papers  are  subject^to  revision. 

823 


824  PAINTING    OF    STEEL    PASSENGER    CARS 

ule  which  is  used  is  as  follows :  One  coat  of  filler,  in  paste  form, 
which  is  sandpapered  down  to  a  smooth  finish.  Add  one  coat 
of  rubbing  varnish  and  rub  down  with  sandpaper,  after  which 
apply  three  coats  of  rubbing  varnish,  and  complete  the  finish, 
cutting  down  the  gloss  by  rubbing  with  pumice  and  oil  to  pro- 
duce the  most  pleasing  "  flat  finish." 

4  This  n  ethod  of  finishing  the  wooden  surfaces  of  cars  has 
been  attained  with  good  results,  so  that  naturally  when  the 
change  to  steel  passenger  equipment  came  some  six  years  ago,  a 
desire  to  retain  as  much  past  practice  as  possible  seemed  desira- 
ble. It  was  realized,  however,  that  the  all  important  point  in 
the  painting  of  iron  or  steel  surfaces  was  first  to  have  the  sur- 
faces thoroughly  cleaned  and  entirely  rid  of  scale  and  rust,  as 
this  is  as  important  as  the  painting  itself.  To  accomplish  this, 
sand-blasting,  where  possible,  was  resorted  to,  supplemented  by 
the  use  of  wire  brushes  and  emery  cloth  in  the  more  obscure 
places  and  the  more  uneven  surfaces.  The  sand-blasting,  how- 
ever, was  confined  largely  to  the  outside  surfaces  and  the  latter 
practices  to  the  inside  portion  of  the  car. 

6  Iron  and  steel,  while  not  presenting  to  the  eye  the  same 
porous  condition  as  wood,  is  full  of  finely  divided  pores,  and  the 
same  atmospheric  influences  which  enter  the  pores  of  wood  and 
cause  it  to  decay  are  ever  ready  to  attack  the  unpainted  sur- 
faces of  iron  and  steel,  in  fact  the  metal  surfaces  more  readily 
combine  with  the  oxygen  and  moisture  of  the  air,  forming  what 
is  rust  or  oxide  of  iron.  Therefore,  immediately  after  the  sand- 
blasting and  cleaning  of  the  surfaces  should  come  the  applica- 
tion of  the  first  or  primary  coat,  as  this  is  the  most  important 
one,  from  the  preservative  standpoint. 

6  In  the  selection  of  a  suitable  primer  it  seemed  but  natural 
for  the  painter  to  be  guided  by  the  experience  gained  in  the 
painting  of  locomotive  tenders,  and  to  follow  the  initial  coats 
with  practically  the  same  process  as  with  wooden  cars,  and  I 
believe  that  so  far  as  the  subsequent  coats  are  concerned,  this 
practice  was  generally  carried  out  by  the  earlier  painting  of  steel 
passenger  equipment.  It  is  thought  that  an  error  has  been  made 
in  this  general  practice,  as  will  be  explained  later. 

STEEL   EQUIPMENT 

7  The  schedule  for  painting  steel  passenger  car  trucks,  under- 
frames  and  superstructures  is  as  follows: 
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8  Trucks.  Before  assembling,  all  surfaces  on  truck  parts 
throughout,  including  all  concealed  surfaces,  but  not  including 
wheels  and  axles,  must  be  covered  with  one  coat  of  suitable  primer. 
After  assembling,  all  surfaces  (except  wheels)  exposed  to  view 
after  the  body  of  the  car  has  been  placed  on  trucks,  must  be  cov- 
ered with  two  coats  of  truck  enamel. 

9  Under  frames.  During  the  process  of  construction,  all 
parts  of  the  underframe,  including  concealed  surfaces  and  sur- 
faces where  metal  bears  on  metal,  must  be  covered  with  two  coats 
of  good  metal  preservative  of  a  non-inflammable  nature.  All 
accessible  surfaces  must  be  covered  with  a  third  coat  of  metal 
preservative. 

10  Superstructures.  Before  assembling,  all  parts  made  of 
iron  or  steel,  including  the  roof,  must  be  covered  with  one  coat 
of  primer.  A  second  coat  of  primer  properly  thinned  with  tur- 
pentine, or  similar  material,  must  be  applied  to  all  surfaces,  in- 
cluding those  which  are  concealed  when  the  car  is  completed. 
Wherever  possible,  this  second  coat  must  be  put  on  after  the 
sheets  are  in  place. 

11  After  assembling,  the  outside  of  side  and  end  sheeting,  in- 
cluding letter  plate  and  deck  plate,  must  be  covered  with  one 
coat  of  surfacer,  the  rough  and  uneven  places  glazed  with  "  sur- 
facer  composition,"  four  coats  of  surfacer  being  added,  rubbed 
down  with  linseed  oil  and  emery  cloth,  two  coats  of  desired  color 
material  added,  followed  by  striping  and  lettering,  then  finished 
with  three  coats  of  finishing  varnish.  The  outside  of  the  roof 
must  be  finished  with  one  coat  of  heavy  protective  paint,  fol- 
lowed by  one  coat  of  a  mixture  composed  by  volume  of  three 
parts  of  mixed  ground  color  and  one  part  of  the  protective  coat- 
ing used.  The  top  surface  and  edges  of  headlining  should  be 
painted  with  two  coats  of  some  preservative,  or  color  paint. 

12  The  interior  of  cars  should  receive  very  careful  attention 
in  order  to  produce  the  desired  finish.  To  illustrate  fully  the 
various  steps  and  time  taken  to  complete  the  painting,  the  fol- 
lowing is  given  as  outlining  the  progress  of  the  work.  This  is  at- 
tained with  the  use  of  surfacers,  colors  and  varnishes  containing 
a  relatively  large  amount  of  artificial  driers  and  varnish  gums, 
in  order  to  obtain  the  artistic  finish  desired  for  the  interior. 

HEADLINING 

1st  day     Apply  one  coat  and  stipple  after  application. 
2d   day     Stand  for  drying. 
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3d   day  Apply  one  coat  and  stipple  after  application. 

4  th  day  Stand  for  drying. 

5th  day  Apply  one  coat  and  stipple  after  application. 

SIDES    ABOVE    WINDOW    SILLS   AND   ENDS 

1st  day  Apply  one  coat  or  priming. 

2d   day  Stand  for  drying. 

3d   day  Apply  one  coat  surfacer. 

4th  day  Necessary  puttying  and  glazing. 

5th  day  Apply  as  many  coats  surfacer  as  are  necessary  to  make  a  level 
surface. 

6th  day  Same  as  5th  day. 

7th  day  Rub  down  with  emery  and  linseed  oil. 

8th  day  Apply  one  coat  of  ground  color. 

9th  day  Apply  one  coat  of  ground  color. 

10th  day  Apply  one  coat  of  ground  color. 

11th  day  Apply  one  coat  and  stipple  after  ai)plication. 

12th  day  Apply  one  coat  rubbing  varnish. 

13th  day  Stand  for  drying. 

14th  day  Apply  one  coat  rubbing  varnish. 

15th  day  Stand  for  drying. 

16th  day  Apply  one  coat  rubbing  varnish. 

17th  day  Stand  for  drying. 

18th  day  Rub  with  oil  and  pulverized  pumice  stone. 

SIDES    BELOW    WINDOWS 

1st  day  Apply  one  coat  or  priming. 

2d    day  Stand  for  drying. 

3d   day  Apply  one  coat  surfacer. 

4th  day  Necessary  puttying  and  glazing. 

5th  day  Same  as  Gth  day. 

6th  day  Apply  as  many  coats  surfacer  as  are  necessary  to  make  a  level 
surface. 

7th  day  Rub  down  with  emery  and  linseed  oil. 

8th  day  Stand,  awaiting  bringing  up  other  work. 

9th  day  Stand,  awaiting  bringing  up  other  work. 

10th  day  Apply  one  coat  bronze  green, 

lltliday  Apply  one  coat  bronze  green. 

12th  day  Apply  one  coat  of  rubbing  varnish. 

13th  day  Stand  for  drying. 

14th  day  Apply  one  coat  of  rubbing  varnish. 

15th  day  Stand  for  drying. 

16th  day  Apply  one  coat  of  rubbing  varnish. 

17th  day  Stand  for  drying. 

18th  day  Rub  with  oil  and  pulverized  pumice  stone. 

13     Formulae  and  panels  for  the  various  shades  should  be  fur- 
nished the  painters  for  their  guidance  in  obtaining  the  shade 

of  any  of  the  color.s  Avhich  are  desii'ed. 
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RESULTS   OF  AIR   DRYING   PAINTS   ON    STEEL 

14  The  artificial  driers  and  gums  used  in  hastening  the  time 
of  drying  and  hardening  of  the  various  coats  and  permitting  tlie 
necessary  rubbing  continue  this  action  so  that  the  paints  and 
varnish  increase  in  hardness  and  brittleness,  rendering  them  sus- 
ceptible to  cracking  and  chipping,  and  the  process  of  disintegra- 
tion is  aggravated  by  excessive  expansion  and  contraction  of  the 
steel  surfaces  as  compared  with  wood.  The  linear  expansion  of 
steel  being  more  than  twice  that  of  wood  would  seem  to  indicate 
the  use  of  more  elastic  coatings  than  formerly  used  for  wooden 
cars. 

15  This  fact  has  been  borne  out  in  the  service  of  the  paint  in  a 
great  many  cases  in  an  investigation  which  recently  came  under 
my  observation.  It  was  noticed  that  when  some  of  the  equip- 
ment had  been  in  service  about  four  months,  the  interiors  of  the 
cars  were  showing  varnish  cracks  and  checks.  As  time  went  on 
more  cars  gave  evidence  of  this  deterioration,  the  final  outcome 
being  that  an  investigation  was  made  to  see  how  serious  the  con- 
dition Avas.  Some  400  cars  were  carefully  examined,  special  at- 
tention being  paid  to  choose  cars  built  by  various  manufactur- 
ers, where  different  makes  of  surfacers  and  varnishes  were  em- 
ployed. An  endeavor  was  also  made  to  determine  whether  the 
cracking  of  the  painted  surfaces  was  confined  to  the  varnish 
coats  or  the  surfacer  coats,  or  both. 

16  In  order  to  classify  the  various  conditions  found,  four 
readings  of  percentages  were  arbitrarily  taken,  the  condition  of 
a  new  car  being  taken  at  100  per  cent :. 

Per  cent  Condition  of  Varnish  and  Surface 

90  to  ^'0 Good,  no  checking 

80  to  70 Fair,  slight  checking 

70  to  (lO Medium,  considerable  checking 

60  to  50 1'oor,  checked  from  outside  varnish  coat  to  metal 

Sample  cars  were  selected  to  illustrate  these  various  classes,  and 
photographs  were  taken  of  the  different  defective  surfaces  so  as 
clearly  to  indicate  to  the  eye  what  the  different  percentages 
meant. 

17  The  result  of  this  examination  showed  that  the  exteriors, 
including  the  sides,  ends  and  vestibules,  were  in  fair  condition. 
There  were  a  few  exceptions  to  this,  but  they  amounted  to  less 
than  6  per  cent  of  the  total  having  serious  varnish  and  surface 
cracks.     Interiors  were  found  generally  to  be  in  a  poor  condi- 
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tion.     About  80  per  cent  of  the  equipment  examined  had  the 
varnish  checked  through  to  the  surfacer. 

18  Some  of  these  conditions  developed  after  four  to  eight 
months'  service,  indicating  either  that  an  entirely  new  system  of 
painting  would  be  necessary  to  overcome  these  troubles,  or  that 
a  more  elastic  paint  Avould  have  to  be  used  for  interior  finishing 
under  the  present  existing  practice  of  painting  steel. 

19  To  obtain  some  data  indicating  what  should  be  done  to 
meet  the  conditions,  preliminary  experiments  were  made  by 
painting  a  number  of  panels  and  baking  them  in  a  heated 
oven.  Repeated  experiments  along  this  line  indicated  that 
artificial  driers  could  almost,  if  not  entirely,  be  eliminated 
in  the  paint  formulae  and  that  more  elastic  materials  could 
be  used  without  the  aid  of  artificial  oxidizing  agents.  It 
was  also  observed  that  the  elastic  varnish  used  on  the  exterior 
of  the  cars  could,  under  this  system,  be  used  to  advantage  on  the 
interior,  and  by  the  aid  of  the  heat  of  the  oven  they  could  be 
dried  to  the  desired  hardness,  permitting  the  rubbing  with  oil 
and  pumice  to  get  the  "  flat  finish." 

20  The  outcome  of  the  expori.i  ents  indicated  that  it  would 
be  desirable  to  extend  the  experimental  panels  to  a  full  size  car 
and,  therefore,  a  proper  baking  oven  was  planned  that  would  ac- 
commodate one  of  the  largest  existing  steel  passenger  cars  for  the 
purpose  of  baking  each  coat  as  applied  to  the  exterior  and  inte- 
rior surfaces. 

21  This  oven,  as  designed  and  built  by  the  Pennsylvania 
Railroad  Company  at  its  Altoona  Shops,  is  90  ft.  3  in.  long,  13 
ft.  wide  and  15  ft.  high.  The  frame  work  of  this  structure  is 
made  up  of  3-in.  I-beams  for  the  sides,  spaced  5  ft.  centers.  The 
roof  framing  is  made  of  the  same  sections  and  curved  to  conform 
closely  to  the  contour  of  the  car  roof.  Each  end  of  the  oven  has 
two  large  doors  which  can  be  readily  opened  and  closed  for  the 
baking  operation.  The  oven  is  lined  on  the  inside  with  %-in. 
steel  plate,  and  on  the  outside  with  galvanized  iron  of  0.022  gage. 
The  3-in.  space  is  filled  with  magnesia  lagging,  thus  efi'ecting  the 
needed  insulation.  The  doors  are  insulated  in  a  similar  manner. 
Along  the  walls  of  the  interior  of  the  oven  are  placed  16  rows 
of  li/o-in.  steam  pipes,  and  along  the  floor,  close  to  the  walls,  are 
arranged  manifold  castings  with  small  lengths  of  pipe  tapped 
into  them  at  right  angles.  By  this  means  over  2000  sq.  ft.  of 
heating  surface  is  provided.    A  steam  pressure  of  approximately 
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100  lb.  to  the  square  inch  is  used,  thus  making  it  possible  to  get 
an  oven  temperature  of  OA^er  250  deg.  fahr.  Rectangular  open- 
ings, made  adjustable,  are  provided  on  the  sides  near  the  floor 
line,  allowing  the  necessary  admission  of  air  for  circulation. 
Four  8-in.  Globe  ventilators  are  spaced  at  equal  distances  in  the 
roof,  likewise  provided  with  dampers  to  regulate  the  size  of  the 
opening.  By  this  means  of  ventilation,  fresh  air,  which  is  re- 
quired for  the  proper  dr^dng  of  paint,  is  obtained,  as  well  as 
providing  for  the  egress  of  the  volatile  matter  present.  Auto- 
matic ventilation  and  steam  regidation  have  not,  at  the  present 


Fig.  1     Exterior  Appearance  of  Oven 

time,  been  applied,  but  these  have  been  considered  advisable,  if 
the  result  of  the  experiment  seems  to  warrant  a  more  extended 
application  of  the  practice. 

•22  A  track  is  placed  on  the  floor  of  the  oven  and  connected 
at  each  end  of  the  oven  with  other  tracks  leading  into  the  reg- 
ular paint  shop  where  the  different  coats  of  paint  are  applied  to 
the  car  before  each  baking  operation. 

23  Photographs  of  the  general  appearance  of  this  oven  from 
the  outside,  and  one  end  of  the  interior  with  a  car  within  the 
oven  are  shown  in  Figs.  1  and  2.  Fig.  3  shows  the  steam  piping 
in  detail. 
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BAKING   PAINT  ON    STEEL 

24  The  outline  of  painting  a  car  in  this  oven  is  briefly  as  fol- 
lows: First,  a  priming  coat  is  given  the  exterior  and  interior  of 
car,  which  is  then  moved  into  the  oven  and  baked  for  three  hours. 
The  temperature  at  the  start  is  about  160  deg.,  but  rapidly  rises 


P'lu    2     View  of  Interior  of  Oven  showing  Car  in  Place 


at  about  1  deg.  per  min.  until  a  temperature  of  250  deg.  is 
reached,  requiring  about  li/^  to  2  hours.  The  oven  is  held  at  this 
temperature  until  the  lapse  of  3  hours,  when  the  car  is  with- 
drawn, allowed  to  cool  sufficiently  to  work  upon,  after  which  the 
surfaces  are  glazed  and  depressions  and  uneven  places  puttied. 
The  car  then  receives  its  first  coat  of  surfacer,  is  returned  to  the 
oven  for  3  hours,  baked  and  removed  for  additional  coats  which 
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vary  from  two  to  three  in  number  as  the  needs  of  the  case 
require. 

25  After  the  last  coat  of  surfacer  has  been  applied  and  baked, 
the  outside  surface  of  the  body  of  the  car  is  rubbed  down  with 
emery  and  oil  to  produce  a  flat  and  smooth  surface.  The 
various  color  coats  used,  such  as  tuscan  red  on  the  outside,  pale 
green,  bronze,  and  bronze  green  on  the  inside,  are  then  put  on. 
Two  coats  of  each  color  are  required  to  get  standard  shades. 
Each  coat  of  color  is  likewise  baked. 


TABLE  1    TIME  SCHEDULE  FOR  PAINTING  EXTERIOR  AND  INTERIOR  OF  STEEL 

PASSENGER  CARS 


Outside 

Imsidb 

Period 

of 

Body 

Roof 

Trucks 

Body  Above 

Headlining 

Body  Below 

Work 

Window  Sills 

Window  Sills 

1 

Ist  prime 

1st  prime 

1st  prime 

1st  prime 

1st  prime 

2 

glaze 

glaze 

glaze 

glaze 

3 

1st  surface 

rub-ground 

rub 

rub 

4 

2d  surface 

2d  prime 

5 

3d  surface 

6 

rub 

7 

1st  tuscan 

3d  prime 

2d  ground 

Ist  green 

1st  green 

8 

2d  tuscan 

stipple 

9 

stripe  and  letter 



10 

1st  varnish 

truck 

1st  varnish 

2d  green 

11 

2d  varnish 

color 

2d  varnish 

12 

3d  varnish 

3d  varnish 

Ist  varnish 

13 

rub 

2d  green  air 
dry 

26  The  car  then  receives  the  required  lettering,  striping,  etc., 
after  which  the  outside  and  inside  surfaces  get  three  coats  of  a 
high  grade  finishing  varnish,  especially  adapted  for  the  baking 
process.  Each  coat  of  varnish  is  baked  at  a  temperature  from 
120  deg.  fahr.  at  the  start  to  150  deg.  fahr.,  Avhich  is  maintained 
until  the  expiration  of  3  hours.  The  interior  surfaces  of  the  car 
are  then  rubbed  with  pumice  and  oil,  giving  the  "  flat  finish  " 
effect  desired,  thus  completing  the  painting  of  the  car. 

27  To  illustrate  better  the  schedule  of  operation  followed,  or 
the  timing  of  the  various  coats,  both  for  the  outside  and  inside, 
to  secure  the  most  economical  conditions,  Table  1  is  given. 

28  All  of  the  work  done  by  the  baking  process  of  painting 
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can  be  accomplished  in  six  to  eight  days,  thus  effecting,  a  saving 
in  time  of  about  ten  days  as  compared  with  the  standard  or  pres- 
ent air  drying  system.  Further,  the  paints  and  varnishes  have 
been  worked  up  so  that  they  are  especially  adapted  for  this  bak- 
ing process,  having  greater  elasticity.  Exact  formulae  for  the 
various  mixtures  are  well  defined,  so  that  uniformity  in  material 
is  expected,  thus  giving  greater  durability,  better  appearance 
and  longer  life  for  the  paint  work. 

29  The  checks  and  cracking  previously  found  will  be  consid- 
erably lessened,  if  not  almost  removed.  By  oven  painting  the 
work  is  done  under  more  uniform  conditions,  which  at  the  pres- 
ent time  are  so  hard  to  control.  It  enables  the  surfaces  of  the 
car  to  be  heated  uniformly  and  dried  thoroughly,  thus  remov- 
ing any  objectionable  moisture  before  the  first  priming  coat  is 
applied,  which  is  a  very  desirable  feature  of  the  new  method. 

30  A  considerable  saving  will  be  effected  by  the  shorter  tiiiie 
that  cars  will  be  held  out  of  service  when  undergoing  repairs 
and  repainting  in  the  shops.  It  is  expected  that  dirt,  soot,  etc., 
will  not  adhere  or  imbed  themselves  so  readily  and  that  the  gen- 
eral appearance  of  the  car  will  be  improved  by  the  baking 
method. 

31  This  oven  was  placed  in  service  the  early  part  of  this  year 
and  the  results  of  the  complete  car  at  this  time  seem  to  justify 
the  experiment.  They  seem  to  indicate  that  the  results  obtained 
from  a  small  panel  can  be  duplicated  in  the  full  size  passenger 
equipment  car  and  that,  if  this  is  the  case,  this  method  of  paint- 
ing can  be  used  to  advantage  not  only  for  the  painting  of  steel 
passenger  equipment  cars,  but  for  the  painting  of  any  other  full 
size  steel  structure  of  a  similar  character  where  protection  and 
finish  are  desired. 

32  Results  and  indications  at  this  time  seem  to  justify  our  ex- 
pectations that  the  new  process  of  baking  will  give,  over  the  pres- 
sent  air  drying  system  : 

a    Longer  life  of  material  applied. 

T)     A  general  appearance  as  good  or  better. 

c    Less  cost  of  material  at  no  increase  in  the  labor  charge. 

d    Complete  sanitation  for  old  cars. 

e    A  considerable  saving  of  time  for  shopping  cars,  which 
results  in  a  saving  of  shop  space. 
These  advantages  are  offset  by  the  initial  cost  of  installation  and 
operating  cost  of  the  oven. 


PROVISIONS  FOR  ELECTRIC  LIGHTING  IN 
STEEL  PASSENGER  CARS 

By  H.  a.  Currie/  New  York 
Non-Member 

Hardly  more  than  perfunctory  attention  is,  as  a  rule,  given 
to  the  lighting  equipment  of  a  car  by  the  car  designer.  After 
all  other  apparatus  and  ecjuipment  are  taken  care  of,  the  lighting 
is  considered  and  fitted  as  well  as  possible  into  the  remaining 
space. 

2  From  a  standpoint  of  practical  consideration  for  the  wel- 
fare of  passengers,  the  lighting  plays  one  of  the  most  important 
parts;  therefore,  ever}^  effort  should  be  made  to  arrange  the 
light  units  so  that  no  discomfort  be  occasioned,  and  to  install 
the  apparatus  and  wiring  so  that  operating  failures  be  reduced 
to  a  minimum.  In  this  connection  I  might  say  that  the  United 
States  postal  authorities  at  Washington  are  going  into  this  sub- 
ject very  carefully  at  the  present  time  to  insure  fair  treatment 
for  their  postal  clerks  in  the  raihvay  mail  service;  very  stringent 
requirements  have  been  ordered  both  as  regards  general  illumina- 
tion and  reliable  performance. 

3  The  two  essential  considerations  for  the  designing  engineer 
to  keep  in  mind  in  laying  out  his  installation  are: 

a  The  arrangement  of  parts  in  a  manner  to  allow  of  easy 
inspection  and  repair. 

h  Protection  against  mechanical  injury. 
Convenience  and  accessibility  of  apparatus,  fixtures,  junction 
boxes  and  wiring  mean  much  to  the  inspector.  It  is  a  well- 
known  fact  that  the  average  inspector  will  pay  little  attention 
to  those  parts  which  are  difficult  of  access,  and  much  better  in- 
spection work  will  result  where  parts  are  arranged  in  a  get-at- 
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able  manner.  It  is  of  equal  importance  that  the  various  parts 
be  protected  in  such  a  manner  as  to  avoid  all  possibility  of  injury 
to  them  while  the  car  is  in  service.  The  other  essential  features 
of  the  lighting  installation  are  discussed  in  the  following  para- 
graphs : 

4  Axle  Generator.  The  usual  practice  is  to  suspend  the 
generator  by  swinging  links  at  the  inside  end  of  the  truck,  and 
belt  it  to  a  pulle}^  on  the  axle.  For  mounting  the  axle  pulley 
a  straight  machined  seat  should  be  provided  in  all  cases  if  elec- 
tric lighting  is  planned  or  can  be  anticipated.  Until  recent  years 
the  universal  practice  was  to  provide  the  regulation  tapered 
axle  and  allow  the  manufacturer  of  electric  lighting  equip- 
ments to  adapt  his  pulley  to  an  unsuitable  seat  in  the  best  man- 
ner he  could.  The  belt  and  pulley  troubles  which  resulted  were 
disproportionate  to  any  possible  advantage  from  retaining  the 
tapered  axles.  It  is  customary  for  the  manufacturer  of  lighting 
equipments  to  provide  his  own  supporting  structure  adapted  as 
circumstances  permit  for  attachment  to  the  truck.  The  resulting 
suspension  is  at  best  something  of  a  makeshift. 

5  It  would  be  a  consummation  much  to  be  desired  if  truck 
designers  would  provide  a  generator  support  built  integral  with 
the  truck;  the  requirements  are  not  difficult  and  it  is  certain 
that  the  generator  builders  would  be  glad  to  make  their  machines 
conform  to  the  truck  builder's  suspension.  As  the  matter  is 
now  handled,  nothing  causes  them  more  delay  and  inconvenience 
than  obtaining  the  numerous  details  of  truck  and  underframe 
construction  necessary  for  making  an  intelligent  layout  of  the 
generator  suspension.  In  designing  the  suspension  it  is  desirable 
that  the  space  required  for  the  belt  be  kept  as  clear  as  possible. 
The  end  tie  of  the  truck  frame,  if  used,  should  not  be  deep  and 
should  be  located  at  a  level  that  will  make  it  possible  for  the 
belt  to  straddle  it.  Outside  brake  beams  when  used  are  a  neces- 
sary evil  from  the  standpoint  of  generator  location.  Head  room 
for  the  generator  should  be  considered  in  laying  out  deep  center 
girders,  brake  rigging  and  piping.  All  the  open  space  that  can 
be  provided  about  the  generator  is  desirable  because  it  facilitates 
thorough  inspection.  The  generator  terminal  board  should  be 
attached  to  the  underframe  of  the  car  close  to  the  generator  and 
readily  accessible. 

6  Battery  Box.  On  account  of  the  obvious  necessity  for 
convenience  in   handling  the  heavy  batteries,  the  battery  box 
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location  has  practically  been  standardized.  x\s  the  weight  and 
dimensions  of  elements  are  almost  identical,  it  is  unnecessary 
to  change  the  hanger  design  after  a  satisfactory  arrangement 
has  once  been  used. 

7  Charging  Receptacles.  The  charging  receptacles  have  been 
allotted  a  permanent  location  on  electric  lighted  equipment. 
Care  should  be  taken  to  arrange  the  wire  leading  to  the  recep- 
tacles to  prevent  interference  with  brake  rods,  etc. 

8  Switchboard  and  Regulator  Lockers,  {a)  The  switch- 
board locker  should  be  so  located  as  to  be  at  all  times  easily 
accessible  to  the  trainmen;  no  pains  should  be  spared  in  the 
design  a,nd  installation  of  the  board;  nothing  but  fireproof  mate- 
rial should  be  used.  A  receptacle  for  spare  lamps  and  a  report 
card  holder  are  convenient  accessories,  {h)  The  regulator 
locker  is  generally  located  under  the  sAvitchboard  and  on  the 
generator  end  of  the  car.  Good  ventilation  is  a  necessity.  Pro- 
vision against  dampness  and  dirt  is  imperative.  The  regulator 
lockers  should  be  fitted  with  locks  to  guard  against  accidental 
or  wilful  interference  with  apparatus.  In  designing  lockers  for 
lighting  apparatus  it  is  recommended  that  liberal  space  be  pro- 
vided so  that  changing  of  equipment,  repairing,  inspecting  and 
testing  can  be  done  to  the  best  advantage. 

9  Conduit.  In  steel-car  construction,  metal  conduits  are 
almost  universally  used.  In  the  better  type  of  steel  car  the  inte- 
rior conduits  can  be  concealed  behind  metal  molding  and  suit- 
able outlet  boxes  designed  to  harmonize  with  the  contour  of  the 
molding.  Some  designers  are  satisfied  to  have  exposed  conduit 
used  exclusively  throughout  the  car.  In  laying  out  wiring  con- 
duit, direct  runs  without  sharp  bends  should  be  used.  Care  in 
locating  the  conduits  will  facilitate  the  installation  of  wires  and 
prevent  damage  from  moisture,  etc. 

10  Fixtures.  Where  side  lighting  is  used,  a  satisfactory 
arrangement  can  be  obtained  by  designing  the  fixture  to  meet 
the  contour  of  the  molding.  In  center  deck  lighting,  it  is  advisa- 
ble wherever  possible  to  arrange  the  carlines  so  that  a  direct 
support  to  each  fixture  may  be  obtained.  On  platforms  provision 
for  one  or  two-lamp  outlets  is  sufficient.  A  plain  socket  mounted 
on  the  platform  ceiling  has  been  used  in  some  instances.  A  bet- 
ter arrangement  would  be  a  metallic  reflector  sunk  flush  in  the 
ceiling. 
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11  Emergency  Lights.  It  was  formerly  customary  in  apply- 
ing electric  light  to  retain  gas  lighting  as  a  reserve.  Increasing 
reliability  of  electric  lighting  apparatus  has  made  this  unneces- 
sary and  in  the  best  present  practice  no  gas  equipment  is  pro- 
vided. For  emergencies  it  is  customary  to  provide  holders  for 
candle  lamps;  but  it  is  only  on  rare  occasions  that  these  have 
to  be  used,  if  the  electric  equipment  is  of  a  good  modern  type. 


PROVISION  FOR  ELECTRICAL  EQUIPMENT  ON 
STEEL  MOTOR  CARS 

By  F.  W.  Butt,i  New  York 
Non-Member 

In  providing  for  the  electrical  equipment  on  steel  motor  cars, 
several  important  points  should  be  considered.  On  account  of 
its  metallic  construction,  the  car  becomes  a  negative  conductor, 
or,  in  other  words,  the  car  is  grounded,  and  all  electrical  appa- 
ratus must  be  well  insulated  against  leakage  of  the  electrical 
current. 

2  Switches,  circuit  breakers,  fuses,  etc.,  should  be  so  located 
that  the  arc  when  opening  a  circuit  will  not  reach  the  metal 
structure  of  the  car.  In  cases  where  space  is  limited,  and  it 
becomes  necessary  to  locate  circuit  breaking  apparatus  in  such 
a  way  that  there  is  danger  of  the  arc  reaching  the  metal  structure, 
suitable  arc  shields  of  non-conducting  and  non-inflammable 
material  should  be  used. 

3  Switches,  terminals  and  other  apparatus,  having  exposed 
live  parts,  should  be  protected  against  accidental  contact  by 
enclosing  them  in  boxes  or  cabinets.  This  protection  is  most 
important  where  apparatus,  such  as  mentioned  above,  is  located 
in  or  near  the  space  which  is  occupied  by  passengers. 

4  It  is  sometimes  found  necessary  on  account  of  the  restricted 
space  in  toilet  rooms,  motormen's  cabs,  postal  and  baggage  com- 
partments, etc.,  to  attach  electric  heaters  directly  to  the  sheath- 
ing; the  heater  coils  then  are  necessarily  close  to  the  sheathing, 
and  as  a  means  of  protection  to  the  paint  and  varnish  thereon^ 
an  insulated  backing  should  be  applied  between  the  sheathing 
and  the  heater. 

5  Particular  attention  should  be  given  to  locking  bolts,  nuts. 

'  Assistant  Engineer,  Electrical  Department.  N.  Y.  C.  &  H.  R.  R.  R. 
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screws,  etc.,  to  prevent  them  working  loose  on  account  of  vibra- 
tion, especially  those  which  are  used  to  secure  the  apparatus. 
The  vibrations  of  the  motor  gearing  are  transmitted  to  all  parts 
of  the  car  and  they  are  more  pronounced  when  the  motor  sus- 
pension lug  is  mounted  on  the  truck  transom,  without  the  use 
of  suspension  springs.  Vibration  is  more  easily  transmitted 
through  the  solid  structure  of  steel  cars  than  it  is  in  cars  of 
wood. 

6  In  the  design  of  new  cars  it  is  sometimes  found  convenient 
to  locate  various  members  of  the  structure,  especially  in  the 
underframe,  so  the  apparatus  can  be  suspended  from  them 
without  the  use  of  intermediate  supports.  This  is  desirable,  as 
it  is  often  found  that  many  parts  can  be  omitted  from  the  car. 
Where  heavy  apparatus  is  to  be  suspended  from  intermediate 
supports,  large  heavy  members  are  required,  sometimes  compli- 
cated in  design  in  order  to  obtain  clearance  between  parts  of 
the  structure  or  apparatus. 

7  Where  it  is  possible,  apparatus  hangers  should  rest  on  the 
members  which  support  them  and  not  depend  entirely  upon  a 
vertically  bolted  or  riveted  connection.  The  hangers  should  be 
well  braced,  especially  those  which  hang  far  below  the  under- 
frame,  to  prevent  swaying  of  the  apparatus,  due  to  the  motion 
of  the  car.  The  hangers  can  be  so  designed  as  to  provide  the 
necessary  bracing,  but  to  accomplish  this  odd  shapes  are  often 
required  which  increase  the  cost  of  manufacture.  It  is  then 
desirable  to  provide  hangers  and  separate  braces  of  simple 
design. 

8  When  several  switches,  fuses  and  other  electrical  apparatus 
are  required  for  the  motor,  control  and  auxiliary  circuits,  large 
switchboard  area  is  necessary,  and  in  some  instances,  the  switch- 
board has  been  installed  in  one  of  the  end  bulkheads,  occupying 
most  of  the  space  between  the  body  corner  and  door  posts.  In 
recent  steel  cars,  intermediate  body  end  posts  are  used  as  part 
of  the  general  scheme  for  anti-telescoping  provisions  at  the  end 
of  the  car.  These  posts  extend  from  the  body-end  sill  to  the 
body-end  plate,  and  it  is  recommended,  in  order  to  interfere  as 
little  as  possible  with  the  general  anti-telescoping  scheme,  that 
two  smaU  switchboards  be  used,  one  placed  in  the  bulkhead  on 
each  side  of  the  body-end  door  opening,  and  located  as  high 
above  the  platform  as  the  size  of  the  boards  will  permit.  This 
arrangement  of  switchboards  provides  for  the  use  of  short  inter 
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mediate  bod3^-end  posts,  extending  upwards  from  the  body-end 
sill  to  the  horizontal  frame  member,  located  just  below  each 
switchboard  and  connected  to  the  body  corner  and  door  posts. 

9  In  wooden  car  construction  it  is  necessary  to  provide 
ground  wires  from  the  various  electrical  circuits  to  some  part 
of  the  car  which  is  a  negative  conductor.  This  is  unnecessary  on 
cars  of  steel  construction,  as  the  electrical  circuits  can  be 
grounded  at  almost  any  part  of  the  car  structure. 

10  The  steel  car  is  safer  than  cars  of  wood  construction,  as 
there  is  no  danger  of  bad  fires  on  account  of  short  circuits. 
Parts  of  the  structure  of  a  steel  car  will  not  become  alive,  as  is 
sometimes  found  in  cars  of  wood  construction. 

11  The  wiring  conduit  on  a  steel  car  should  be  provided  for 
at  the  time  the  car  is  being  designed.  Unless  this  is  done,  diffi- 
cult bends  in  the  conduit  may  occur  and  it  is  sometimes  found 
necessary  to  cut  and  reinforce  the  structural  members. 


AIR   BRAKES   FOR  HEAVY  STEEL  PASSENGER 

CARS 

By  a.  L.  Humphrey,!  Wilmerding,  Pa. 
Non-Member 

Advancement  in  the  deA^elopment  of  air  brakes  has  been  no 
less  contingent  upon  the  development  of  rolling  stock  than  the 
economic  handling  of  traffic  through  the  use  of  heavier  and 
faster  trains  is  contingent  upon  the  advancements  in  motive 
power.  A  review  of  the  history  of  railroad  transportation  de- 
velopment in  this  country  will  show  a  steady  and  unceasing 
advance  from  year  to  year.  Equivalent  advancement  in  the 
efficiency  of  appliances  such  as  air  brakes  was  consequently  nec- 
essary in  order  that  the  control  and  safe  handling  of  longer  and 
heavier  trains  should  not  operate  as  a  barrier  to  these  develop- 
ments. 

2  A  brief  comparison  of  the  conditions  existing  at  the  time 
of  the  introduction  of  the  air  brake  with  the  conditions  at  pres- 
ent, will  show  that  the  advancement  in  rolling  stock  has  been 
more  rapid  than  those  who  have  not  been  in  close  touch  with 
the  situation  are  likely  to  realize.  For  example,  the  weight  on 
drivers  of  high-speed  passenger  engines  has  increased  from 
25,000  to  180,000  lb.  The  drawbar  pull  of  locomotives  has  in- 
creased from  7,000  lb.  to  30,000  lb. ;  working  steam  pressure  has 
increased  from  125  lb.  to  225  lb. ;  weights  of  passenger  cars  have 
increased  from  20,000  lb.  to  150,000  lb.  The  schedule  speeds  of 
passenger  trains  have  increased  from  30  miles  per  hour  to  65 
miles  per  hour,  and  it  is  not  uncommon  for  speeds  to  reach  as 
high  as  85  to  90  miles  per  hour. 

3  Taking  the  average  weights  of  trains  and  average  speed 
at  the  time  the  air  brake  was  introduced  as  compared  with  the 

1  Vice  President  and  General  Manager,  Westinghouse  Air  Brake  Company. 
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trains  and  speeds  of  today,  the  weight  per  vehicle  has  not  only 
increased  nearly  eight  times,  but  the  foot-pounds  of  energy  to 
be  destroyed  is  nearly  15  times  as  much.  In  order  to  meet  the 
demands  of  modern  service  conditions  as  efficiently  as  heretofore, 
means  should  be  provided  for  dissipating  the  total  energy  stored 
up  in  this  swiftly  moving  mass  in  at  least  as  short  a  time  and 
distance  as  before.  In  fact  it  is  desirable  to  do  this  in  as  much 
less  time  as  is  consistent  with  comfort  to  passengers  and  accuracy 
of  control,  in  the  case  of  service  stops,  and  in  as  much  shorter 
distance  or  time  as  may  be  possible  in  the  case  of  emergency. 
Not  only  must  the  brake  be  automatic  in  its  operation,  but  it 
must  be  capable  at  any  time  and  under  any  conceivable  circum- 
stances to  produce  the  maximum  possible  retarding  force  within 
as  short  a  period  of  time  as  the  known  resdurces  available  and 
physical  limitations  will  permit. 

4  When  we  consider  that  it  requires  a  distance  of  8  to  12 
miles  for  a  locomotive  of  modern  design,  hauling  a  train  of  say 
ten  cars,  to  accelerate  to  a  speed  of  80  miles  per  hour  and  that 
this  same  train  should  be  brought  to  a  standstill  within  the  short- 
est possible  time — or  say  in  one-tenth  of  the  distance  required  to 
accelerate  to  this  speed — it  is  hardly  conceivable  that  this  can 
be  done  with  the  means  available,  which  is  a  retarding  force 
produced  by  frictional  contact  of  metal  shoes  against  the  wheels, 
which  is  in  turn  limited  by  the  adhesion  between  the  wheels  and 
the  rail. 

5  This  factor,  viz.,  the  friction  obtainable  between  wheel  and 
rail  and  shoe  and  wheel  is  the  basis  on  which  we  must  start,  and 
upon  which  we  are  limited,  as  to  the  amount  of  retarding  force 
obtainable.  It  is  therefore  of  first  iiuportance  in  designing  an 
air-brake  installation  to  give  due  consideration  to  the  contact 
between  the  wheel  and  rail  and  the  possible  efficiency  of  the 
brake  shoe.  The  air  brake  in  itself  is  practically  limitless  in 
the  amount  of  force  obtainable,  but  the  practical  application  of 
this  force  is  where  the  line  must  be  drawn.  In  this  connection 
it  is  worthj'  of  note  that  the  brake  shoe  today  has  about  four 
times  as  much  work  to  do  as  it  had  30  years  ago.  The  chief 
effect  of  this,  however,  is  to  destroy  the  brake  shoe  at  a  much 
more  rapid  rate,  without  permitting  any  material  lengthening 
of  stopping  distance. 

6  The  improvements  made  in  air  brakes  in  recent  years,  which 
have  made  it  possible  to  control  the  present  heavy  high-speed 
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passenger  trains  with  approximately  the  same  degree  of  effi- 
ciency as  the  older  forms  controlled  the  equipment  of  their  day, 
have  been  based  on  scientific  principles  and  experience  in  obtain- 
ing reliable  information  and  data.  The  matter  of  time  of  trans- 
mission of  compressed  air  was  not  so  important  a  factor  with 
the  shorter  trains  and  slower  speeds  as  it  is  today,  where  a  train 
running  at  80  miles  per  hour  passes  over  a  distance  of  117  ft. 
per  sec. ;  consequently  a  few  seconds  saving  in  the  time  of  getting 
the  brakes  to  fully  apply  is  just  so  much  relative  gain  in  the 
time  and  length  of  stop.  With  the  latest  improved  pneumatic 
equipment,  the  maximum  brake  cylinder  pressure  can  be  obtained 
throughout  a  modern  train  of  ten  cars  in  4  seconds,  which  is  the 
shortest  possible  time  that  this  can  be  obtained  by  serial  quick 
action  through  a  train  of  this  length.  For  the  purpose  of  short- 
ening this  time  serious  consideration  is  being  given  by  some 
railroad  officials  to  the  type  of  brake  equipment  used  on  the  New 
York  subway,  and  known  as  the  "  electro-pneumatic,"  which 
would  not  only  tend  to  cut  the  time  of  full  application  in  two, 
but  by  means  of  the  electric  control  all  brakes  are  applied  simul- 
taneously, which  not  only  assists  in  shortening  the  stop  but  in 
preventing  shocks,  etc. 

7  Another  equally  important  factor  now  coming  more  prom- 
inently into  use  is  the  application  of  brake  shoes  to  each  side  of 
the  wheel,  known  as  clasp  brakes.  The  virtue  of  clasp  brakes, 
however,  is  not  so  much  in  the  aid  they  afford  in  shortening  the 
stop  as  in  the  equalizing  effects  of  pressure  on  the  wheels,  journal 
box  bearings  and  trucks,  the  minimizing  of  lost  motion  which 
affects  the  brakes  through  increased  piston  travel,  and  the  less 
tendency  toward  wheel  sliding  while  the  brakes  are  applied. 

8  While  a  comparison  of  the  relative  merits  of  a  brake  equip- 
ment, as  with  most  mechanical  devices,  is  frequently  based  on 
their  maximum  capacity,  it  must  be  borne  in  mind  that  an  air- 
brake equipment  must  be  designed  to  include  flexibility  for 
service  operation,  in  which  it  is  operated  99  per  cent  of  the  time 
and  during  which  time  it  should  be  capable  of  handling  smoothly 
the  extreme  lengths  of  trains,  while  at  the  same  time  it  must  be 
capable  and  ready  under  all  conceivable  circumstances  to  pro- 
duce the  maximum  permissible  braking  force  in  case  of  an 
emergency. 

9  It  is  not  especially  difficult  to  increase  the  speed  of  a  train 
from  30  to  40  miles  per  hour,  but  it  requires  a  vastly  greater 
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amount  of  energy  to  increase  the  speed  from  60  to  70  miles  per 
hour.  In  like  manner,  for  an}^  given  increase  in  speed,  the  addi- 
tional amount  of  work  required  of  the  brakes  increases  propor- 
tionally. If,  therefore,  the  brakes  for  the  heavier  trains  and 
higher  speeds  of  today  permit  of  stopping  in  about  the  same 
distance  and  with  the  same  flexibility  of  control  as  could  be 
done  with  brakes  40  years  ago,  and  with  the  trains  of  that  period, 
it  is  at  least  gratifying  to  know  that  the  advancement  made  in 
this  particular  line  of  railroad  development  has  kept  pace  as 
closely  as  it  could  consistently  with  the  development  in  trans- 
portation facilities,  through  which  its  rate  of  advancement  is 
largely  controlled. 


CAST-STEEL  DOUBLE  BODY  BOLSTERS, 

PLATFORMS  AND  END  FRAMES 

FOR  STEEL   CARS 

By  C.  T.  Westlake,  St.  Louis,  Mo. 

Member  of  the  Society 

Cast  steel  as  applied  to  underframes  and  end  frames  of  rail- 
road cars  is  the  result  of  careful  design  and  painstaking,  and 
thorough  development  of  the  art  of  casting  in  sand  molds.  These 
large  steel  castings  are  made  in  baked  molds,  confined  in  massive 
metal  forms,  by  a  special  method  that  assures  positively  against 
swelling  due  to  pressure  of  the  inflowing  metal,  and  yet  permits 
jdelding  to  the  pressure  of  the  contracting  metal  when  cooling, 
so  that  the  castings  are  very  accurate  in  shape  and  close  to  size, 
and  are  free  from  shrinkage  stresses. 

2  Steel  is  an  alloy  of  iron  and  carbon  and  differs  from  other 
alloys  of  iron  by  being  capable  of  developing  all  its  physical 
properties  to  the  maximum  degree.  Its  most  distinctive  prop- 
erties are  rigidity,  ability  to  stand  maximum,  forces  without 
yielding;  elasticity,  ability  to  return  to  normal  after  being 
loaded  to  deflection;  ductility,  ability  to  stand  distortion  beyond 
its  elastic  limit  without  fracture;  malleability,  permitting  it  to 
be  forged;  tensilit}^,  high  tensile  strength;  and  weldability,  per- 
mitting it  to  be  welded  by  heating  and  hammering.  These  prop- 
erties which  steel  possesses  in  a  maximum  degree  distinguish 
it  from  all  other  alloys  of  iron. 

3  Cast  steel  and  rolled  steel  are  produced  by  the  same  proc- 
esses and  of  the  same  materials,  are  of  the  same  chemical  com- 
position and  have  the  same  physical  properties,  and  cast  steel 
may  be  substituted  for  rolled  steel,  using  the  same  fiber  stresses, 
and  its  substitution  is  limited  only  by  the  minimum  section  that 
can  be  poured  in  the  molds. 
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4  As  recently  as  1893,  cast  steel  was  comparatively  unknown 
in  car  construction,  and  in  that  year  its  introduction  began  in 
the  use  of  truck  bolsters  for  freight  cars.  This  was  followed  a 
few  years  later  by  body  bolsters  or  transoms,  and  it  was  only 
after  their  use  on  freight  cars  had  demonstrated  satisfactorily 
the  reliability  of  the  material  and  design,  that  attention  was 
turned  to  passenger  cars. 

5  The  double  body  bolster  was  first  to  receive  consideration 
for  passenger  cars,  and  although,  due  to  casting  difficulties,  its 
weight  was  at  first  excessive,  it  was  quickly  refined  and  assigned 
to  its  proper  place  with  other  cast-steel  articles.  It  was  found 
to  be  so  much  lighter,  stronger  and  permanently  effective  than 
the  built-up  type,  by  forming  a  one-piece  cradle  or  support  for 
each  end  of  the  car  body,  that  its  use  soon  became  almost  uni- 
versal in  construction  of  passenger  cars. 

6  As  the  den  and  increased  for  stronger,  safer  and  less  com- 
bustible cars,  the  problem  of  replacing  wood  with  steel  devel- 
oped many  difficulties.  The  wooden  car  was  the  result  of  many 
years  of  experimenting,  of  cutting  and  trying  with  a  material 
easily  worked,  but  as  one  of  the  most  valuable  properties  of  cast 
steel  is  its  adaptability  to  combining  a  multiplicity  of  complex 
parts  into  a  single  one  of  simple  form,  it  was  gradually  devel- 
oped from  the  double  body  bolster  form,  first  to  include  end  sills, 
then  end  and  buffing  sills;  next  the  end  and  buffing  sills  were 
combined  with  longitudinal  members  extending  to,  and  con- 
necting with  the  double  body  bolster.  Finally  these  parts,  to- 
gether with  many  others  combined  into  a  single  simple  member 
at  each  end  of  the  car  underframe,  and  comprising  so  many  of 
the  fixed  parts  that  it  is  now  only  necessary  for  the  carbuilder 
to  connect  them  by  center  girders  and  to  apply  draft  and  buffing 
gears  and  the  superstructure  to  complete  the  car  frame. 

7  The  ideal  underframe  should  have  all  connecting  members 
in  the  same  plane  so  as  to  avoid  buckling  due  to  eccentric  load- 
ing; it  should  be  so  designed  that  each  member  will  independ- 
ently perform  its  individual  functions,  passing  the  stresses  from 
one  member  to  the  other  through  the  smallest  number  of  prop- 
erly aligned  connections;  and  all  should  be  so  arranged  in  rela- 
tion to  each  other  as  to  form  one  powerful,  compact,  shock- 
absorbing  element  throughout  the  length  of  the  car. 

8  This  can  be  accomplished  to  great  advantage  in  cast-steel 
construction  since  the  metal  can  be  properly  distributed  in  pro- 
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portion  to  the  stresses.  The  gusset  plates  can  be  placed  in  the 
same  plane  as  the  flanges  of  intersecting  members,  and  the  whole 
reduced  to  minimum  weight  and  to  the  s:i:allest  number  of 
parts  with  practically  no  joints.  It  can  be  molded  to  any  desired 
conformation,  can  be  shaped  to  any  curve,  useful  or  ornate, 
without  the  use  of  expensive  dies,  can  be  provided  with  neces- 
sary projections  joined  to  the  main  members  by  proper  fillets. 
Openings  may  be  provided  with  finished  and  reinforced  edges, 
and  all  parts  may  be  molded  to  symmetrical,  pleasing  contour, 
all  edges  rounded  and  a  complete,  practical,  operative  device, 
emanating  from  a  single  source  furnished  to  the  carbuilders 
ready  for  application. 

9  As  the  rounding  of  curves  necessitates  the  use  of  convex 
ends  to  the  car  body,  the  central  portion  of  the  ends  is  most 
exposed  and  liable  to  receive  initial  impacts,  and  this  portion 
should  be  made  strongest  and  most  capable  of  properly  trans- 
mitting the  force  of  impacts  to  the  balance  of  frame. 

10  The  underframe  receives  the  force  of  end  collision  as  a 
column  load  on  its  longitudinal  members,  while  the  end  frame 
receives  it  as  a  transverse  load  on  exposed  members  supported 
at  their  ends.  As  it  is  impracticable  under  these  conditions  to 
make  the  end  frame  equally  as  strong  as  the  underframe,  pro- 
vision should  be  made  for  protecting  the  end  frame  against  de- 
structive forces.  The  underframe  should  be  arranged  so  as  to 
receive  the  initial  impact,  and  if  the  encountered  force  is  suffi- 
cient to  destroy  it,  it  should  fail  in  such  manner  as  to  form  addi- 
tional protection  to  the  end  frame. 

11  This  is  accomplished  in  cast-steel  construction  by  arrang- 
ing the  parts  of  the  longitudinal  members  so  that  when  loaded 
to  destruction  by  a  collision  force,  the  end  portions  yield  up- 
wardly, thus  folding  the  exposed  portion  of  the  platform  up 
against  the  end  of  the  car  body,  and  forming  an  addition  to  the 
end  frame  to  assist  in  distributing  the  fcrce  to  all  the  longi- 
tudinal members  of  the  superstructure.  The  advantage  of  this 
construction  has  been  demonstrated  in  wrecks  when  this  iden- 
tical action  has  taken  place,  the  safety  of  passengers  assured, 
and  the  property  loss  kept  low. 

12  The  cast-steel  platform  as  now  provided  for  blind  end  cars, 
comprises  the  buffing  sill  having  recesses  for  the  buffer  foot 
plates,  holes  and  brackets  for  the  buffer  stems,  pockets  for  the 
buffing  device,  brackets  for  safety  chains,  lugs  for  draft  gear, 
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brackets  for  drawbar  carry  irons,  anti-telescoping  plate,  exten- 
sions of  the  center  sills  and  bottom  chords  of  the  side  sills,  all 
of  the  double  body  bolster  members  including  side  bearing  arches 
and  extending  for  a  distance  of  over  14  ft.  inward  from  the 
end  of  the  car  to  a  point  considerably  back  of  the  truck  center, 
and  counting  rivets,  gusset  plates  and  connecting  angles,  com- 
bining more  than  1000  pieces  into  a  single,  powerful,  shock- 
absorbing  element  of  less  weight  than  fabricated  material  of 
the  same  strength. 

13  The  cast-steel  platform  and  double  body  bolster  for  vesti- 
bule cars  comprises  all  the  parts  enumerated  for  blind  end  cars, 
and  in  addition,  includes  the  exposed  platform  longitudinal 
members,  step  risers  and  end  sill,  measures  over  17  ft.  in  length, 
is  made  of  a  single  piece,  and  is  also  of  less  weight  than  fabri- 
cated material  of  the  same  strength. 

14  Since  the  government  has  taken  a  hand  in  the  construction 
of  cars  used  in  its  service,  stronger  body  end  frames  are  being 
used,  and  as  the  end  of  the  car  is  the  first  to  encounter  end  col- 
lision forces,  it  reasonably  deserves  closer  and  more  careful  con- 
sideration. 

15  Most  damage  is  produced  by  end  collisions  and  to  protect 
life  and  property  from  them,  the  colliding  object  must  be  pre- 
vented from  entering  the  car.  To  accomplish  this,  the  end  frame 
and  end  portion  of  underframe  should  be  constructed  so  as  to 
distribute  the  force  of  collision  into  all  the  longitudinal  mem- 
bers of  the  car,  passing  it  into  the  largest  mass,  utilizing  every 
particle  of  available  inertia  to  absorb  the  force  without  permit- 
ting it  to  reach  and  act  upon  the  contents  or  occupants  of  cars. 

16  The  end  frame  proper  should  be  designed  so  that  when 
a  single  member  is  loaded,  all  wall  act  Avith  it,  and  this  can  be  ac- 
complished only  by  connecting  them  so  as  to  form  a  single  mass, 
and  best  by  forming  them  in  a  single  piece  as  in  cast-steel  con- 
struction. 

17  In  designing  the  cast-steel  end  frame  we  assume  it  to  be 
a  beam  supported  at  its  upper  and  lower  ends  and  loaded  at  a 
point  about  18  in.  above  its  lower  end.  We  provide  connections 
between  the  end  frame  and  balance  of  car  frame  of  sufficient 
value  to  develop  the  full  transverse  strength  of  the  end  frame; 
the  vertical  members  of  end  frame  are  connected  by  horizontal 
members  so  that  in  case  the  end  frame  is  loaded  to  destruction 
the  connections  are  sufficient  to  disrupt  all  the  longitudinal  mem- 
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bers  of  the  car  frame,  and  wlioii  they  yield  all  parts  will  be 
forced  toAvard  the  center  of  the  end  of  the  car  and  tend  to  pre- 
vent one  car  telescoping  the  other. 

18  Cast-steel  parts  weigh  less  than  built-up  members  carry- 
ing the  same  load  since  the  metal  in  castings  can  be  properly 
distributed  in  proportion  to  stresses.  In  built-up  construction 
the  metal  overlaps  at  the  joints  and  this,  together  with  the  rivet 
heads,  makes  an  additional  weight  which  in  cast  construction  is 
avoided.  In  the  latter,  reliance  is  placed  in  a  single  solid  mem- 
ber and,  as  there  are  no  joints,  there  is  no  chance  of  their  being 
imperfect  or  becoming  loose. 

19  The  advantage  in  cast  steel  to  the  carbuilder  is  also  very 
great.  To  produce  a  platform  of  the  built-up  type  at  least  eight 
different  classes  of  material  are  required.  This  comes  from  eight 
different  manufacturers,  frequent!}^  from  as  many  different 
points  of  production,  much  of  it  in  less  than  carload  lots,  and 
all  has  to  be  requisitioned,  purchased,  received,  stored  and  re- 
corded, for  use  on  each  particular  lot,  and  in  order  to  reduce 
storage  space  and  avoid  congestion  in  the  car  plant,  all  deliv- 
eries have  to  be  carefully  and  accurately  timed,  and  followed 
up.  Then  each  material  has  to  be  passed  through  the  different 
departments  of  the  car  plant  to  be  cut,  shaped,  punched,  drilled 
and  the  same  timing  and  tracing  methods  used,  so  as  to  have 
all  parts  completed  at  the  proper  time.  When  cast  steel  is  used 
but  one  material  is  purchased  from  a  single  plant,  only  one 
piece  is  handled,  that  in  carload  lots,  and  when  it  arrives  it  is 
immediately  ready  and  available  for  application  without  stor- 
age or  re-handling,  facilitating  completion  of  the  car  by  leaving 
more  car  plant  machinery  available  for  other  work. 

20  A  plant  capable  of  producing  castings  of  this  nature  in 
quantities  to  meet  requirements  of  the  many  car  plants  must 
have  buildings  of  extensive  area  and  equipment  in  proportion, 
as  it  ordinarily  requires  about  ten  days  for  a  casting  to  pass 
through  the  various  processes  of  casting,  cooling,  roughing, 
cleaning  and  ii  achining,  and  an  accumulation  of  ten  days'  out- 
put has  to  be  constantly  accommodated.  All  handling  and  con- 
veying apparatus  must  be  in  duplicate  so  as  to  insure  uninter- 
rupted operation  and  machines  for  finishing  must  be  of  the 
highest  grade  and  maintained  in  perfect  condition  to  produce 
accurate  and  proper  results. 

21  In  car  construction  cast  steel  stands  preeminent  as  the  best 
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material  for  reducing  to  the  minimum  the  weight  and  number 
of  parts  while  maintaining  requisite  strength  and  other  essential 
properties,  and  its  popularity  and  use  will  proportionately  in- 
crease as  its  benefits  and  advantages  become  more  generally 
recognized. 


SPECIAL  ENDS  FOR  STEEL  PASSENGER  CARS 

By  H.  M.  Estabkook,'  Dayton,  O. 
Nou-Member 

After  the  passenger  car  had  emerged  from  the  stage-coach 
type  of  construction  the  box-like  shape  of  car  was  introduced 
with  straight  longitudinal  floor  sills  and  with  straight  vertical 
side  and  end  posts.  These  members  were  of  wood,  the  ends  of 
the  longitudinal  floor  sills  being  tenoned  into  mortises  in  the 
wooden  end  sills.  The  vertical  side  and  end  posts  were  in  like 
manner  tenoned  into  the  side  and  end  sills  at  their  lower  end 
and  likewise  into  the  wooden  side  and  end  plates  at  their  upper 
ends.  These  side  and  end  posts  were  maintained  in  their  several 
positions,  by  wooden  spacing  blocks  or  bridging,  and  the  whole 
structure  tied  together  by  means  of  iron  rods  and  bolts.  These 
spacing  blocks  served  further  the  double  purpose  of  affording  a 
foundation  for  securing  the  outside  pnnols  and  the  wooden  inte- 
rior finish. 

2  Several  types  of  roof  were  quite  prevalent  in  early  passen- 
ger car  days,  among  them  being  the  round  top  or  omnibus  roof, 
which  has  again  made  its  appearance  in  steel  passenger  cars  in 
some  parts  of  our  country.  Another  type  of  roof  was  the  Ogee, 
or  turtle-back,  and  later  came  the  monitor,  or  raised  deck  roof. 
The  prevailing  type  of  hood  projection  o^er  the  platforms  was 
the  "  duck's  bill  "  type,  as  illustrated  in  Fig.  1,  which  also  fur- 
nishes a  good  idea  of  the  framing  employed  in  those  days.  Fig. 
2  shows  end  framing  of  these  same  cars. 

3  A  little  later  the  projecting  platform  hood  was  changed 
from  the  "  duck's  bill  "  type  to  the  bull-n(  se  type.  Figs.  3  and  4 
show  respectively  a  longitiulinal  section  and  exterior  of  these 
cars.  Fig.  5  shows  the  end  construction  and  Fig.  6  the 
standard    framing   employed    in    the    first   bull-nose   hood    cars 
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Fig.  1     "Duck's  Bill"  Type  of  Hood  Projection  over  Platforms 


lo'-o" -H 

Fig.  2  End  Framing  for  "Duck's  Bill"  Hood  Projection 
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Fig.  3    Section  of  Bull-Nose  Type  of  Car 


Fig.  4     Bull-Nose  Type  of  Car,  Framing  Exposed 
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in  the  early  eighties.  Up  to  the  middle  eighties  no  systematic 
attempt  had  been  made  to  strengthen  the  ends  of  cars.  The  plat- 
form members  were  all  of  wood  and  the  end  framing  of  the  car 
had  not  experienced  much  change  in  the  way  of  strengthening 
from  the  earlier  types.  With  the  advent  of  the  narrow  vestibule 
in  1887,  which  was  immediately  followed  by  the  broad  vestibule 
in  1888,  came  the  demand  for  a  stronger  end. 
4     About  the  year  1890  there  was  brought  into  use  what  was 
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Fig.  5    End  Construction  of  Bull-Nose  Type  of  Car 

known  as  an  "  anti-t«lescoping  "  end  framing.  This  construction 
consisted  of  double  side  and  end  sills  with  a  steel  plate  8  in.  by 
1/2  in.  from  18  to  24  ft.  long,  sandwiched  into  the  double  side 
sill,  with  the  end  of  these  plates  turned  so  as  to  form  a  foot 
against  the  end  sill.  The  double  end  sill  had  a  steel  plate  8  in. 
by  %  in.  and  the  length  the  width  of  the  car,  sandwiched  into 
the  end  sill.  The  end  posts  of  the  car  were  reinforced  by  steel 
bars  31/0  in.  by  %  in.,  extending  downward  through  and  bolted 
through  the  sandwiched  end  sill  and  having  their  upper  ends 
extending  upward  and  bearing  on  and  bolted  through  a  steel 
plate  6  in.  by  %  in.,  which  was  bolted  to  the  oak  end  plate  of 
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the  car.  This  stiffening  plate  extended  across  the  width  of  the 
car  and  the  ends  of  the  steel  plate  being  turned  so  as  to  form 
a  foot  upon  the  side  plate  of  the  structure.  This  anti-telescoping 
construction  is  illustrated  in  Fig.  7.  This  design  of  end  framing 
«ame  into  general  use  throughout  the  country  and  is  in  use  today 
in  the  majority  of  wooden  passenger  cars  built  since  1890.  It 
is  interesting  to  note  that  this  anti-telescoping  framing  is  the 
same,  with  some  modifications  and  additions,  as  was  adopted 
by  the  United  State  Government  for  the  construction  of  full 
postal  cars  and  known  as  Specification  No.  1. 

5  Somewhat  later  this  type  of  end  framing  was  elaborated 
upon  by  the  use  of  a  heavy  steel  angle  fl itched  into  the  end  sill, 
with  the  end  still  further  reinforced  by  a  20  in.  by  I/2  in.  steel 
gusset  plate  on  the  under  side  of  the  sills,  and  by  the  use  of  steel 
Z-bars  in  the  end  posts  and  a  heavy  steel  angle  introduced  into 
the  construction  of  the  end  plate  of  the  car. 

6  The  increased  weight  of  the  vestibules  and  anti-telescoping 
end  framing  developed  the  necessity  for  a  stronger  platform  con- 
struction than  the  old  style  wooden  platform  member  that  had 
been  used  for  many  years.  About  the  year  1895  the  standard 
steel  platform,  composed  of  steel  I-beams,  came  into  general 
use,  and  was  employed  continuously  imtil  the  advent  of  the 
steel  car  superseded  it  by  other  designs. 

7  Notwithstanding  the  frantic  efforts  of  Congress  toward 
the  general  adoption  of  steel  passenger  cars,  it  has  been  stated 
upon  reliable  authority  that  no  vestibuled  wooden  passenger 
car,  in  the  construction  of  which  was  employed  the  anti-telescop- 
ing end  framing,  in  a  straight-on  end  to  end  collision  (although 
frequently  having  the  ends  concaved)  has  ever  had  the  end 
crushed  in  to  the  extent  of  the  adjoining  car  body  telescoping 
and  entering  it. 

8  The  United  States  Government  in  seeking  to  strengthen 
the  end  construction  of  postal  cars  adopted  this  form  of  anti- 
telescoping  end  framing  with  the  addition  of  two  7-in.,  23.46-lb. 
steel  bulb  beams  on  either  end  of  the  car.  These  bulb  beams 
have  their  flat  base  resting  against  the  outside  of  the  reinforced 
end  posts  of  the  car,  being  located  in  line  with  and  immediately 
behind  the  vestibule  diaphragms  and  face  plate.  At  its  lower 
end,  this  bulb  beam  has  the  head  and  web  notched  out  with  the 
base  flange  extending  downward  through  the  flitched  end  sill. 
the  main  body  of  the  beam  resting  upon  the  1  in.  thick  steel  plate 
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on  top  of  the  buffer  beam.  At  the  upper  end  these  bulb  beams 
have  the  web  and  bulb  head  sheared  diagonally  so  the  base  flange 
extends  upward  on  the  outside  of  the  end  plate  of  the  car  fram- 
ing, and  through  this  flange  passes  the  top  piston  stems  of  the 
vestibule  mechanism.    This  type  of  construction  is  now  obsolete 


Fig.  7    Anti-Telescoping  Ieon  End  Framing 

in  postal  cars,  Congress  having  enacted  a  law  requiring  them 
to  be  of  steel  construction. 

9  When  the  steel  passenger  car  made  its  appearance  about 
the  year  1905,  the  passenger  car  entered  a  period  of  transition 
and  evolution  from  which  it  has  not  yet  entirely  emerged  with 
a  recognized  standard  form  of  construction.     The  wooden  car 
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had  attained  a  degree  of  uniformity  that  established  it  as  an 
accepted  standard.  In  the  construction  of  the  early  steel  passen- 
ger cars,  as  was  probably  natural,  an  attempt  was  made  to  follow 
closely  the  lines  employed  in  the  construction  of  wooden  cars, 
with  the  result  that  the  first  steel  cars  were  inferior  in  strength 
of  end  construction  to  the  prevailing  wood  construction,  but 


Fig.  8     Body  End  Framing,  Type  shown  in  Fig.  9 

the  evolution  has  been  rapid,  one  improvement  following  close 
upon  the  heels  of  another.  In  the  entire  history  of  car  building, 
there  hns  probably  not  been  devoted  so  much  concentrated 
thought  and  stiidv'  to  the  improvement  in  design,  by  the  most 
expert  engineering  talent  of  the  railroads  and  car  builders,  as 
has  been  shown  since  the  introduction  of  steel  cars.  This  has 
resulted   in   rapid   improvement    of   end   construction   until   we 
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have  today  reached  a  design  that  is  considered  practically  stand- 
ard. This  development  has  no  doubt  been  hastened  by  the  action 
of  Congress  relative  to  steel  postal  cars  and  the  cooperation  of 
committees  of  the  railway  mail  service,  the  railroads  and  the 
car  builders,  to  the  end  that  a  standard  specification  for  the 
strength  of  the  various  parts  of  the  car,  and  especially  the  end 
construction,  has  been  adopted  by  the  Postoffice  Department 
in  which  it  is  provided  that : 

The  maximum  end  shock  due  to  buffing  shall  be  assumed  as  a  static  load 
of  400,000  lb.  applied  horizontally  at  the  resultant  line  of  forces  acting  as 
the  center  line  of  the  buffing  mechanism  and  at  the  center  line  of  draft  gear, 
respectively,  and  shall  be  assumed  to  be  resisted  by  all  continuous  longi- 
tudinal underframe  members  below  the  floor  level,  provided  such  members 
are  sufficiently  tied  together  to  act  in  unison. 

The  sum  of  the  section  moduli  of  all  vertical  end  members  at  each  end 
shall  be  not  less  than  65  and  the  section  moduli  of  the  main  members,  either 
forming  or  adjacent  to  the  door  posts,  shall  be  not  less  than  75  per  cent,  of 
this  amount.  The  horizontal  reactions  of  all  vertical  end  members  at  top 
and  bottom  shall  be  calculated  from  an  assumed  external  horizontal  force, 
applied  18  in.  above  the  floor  line,  to  all  vertical  members  in  the  proportions 
given,  such  force  being  of  sufficient  amount  to  cause  bending  of  all  vertical 
members  acting  together,  and  top  and  bottom  connections  of  vertical  mem- 
bers shall  be  designed  for  these  reactions.  Except  where  vertical  end  mem- 
bers shall  bear  directly  against  or  be  attached  directly  to  longitudinal  mem- 
bers at  either  top  or  bottom,  the  assumed  reactions  shall  be  considered  as 
loads  applied  to  whatever  construction  is  used  at  end  sill  or  end  plate  and 
both  these  last  named  members  shall  have  section  moduli,  respectively,  suf- 
ficient to  prevent  their  failure  horizontally  before  that  of  the  vertical  end 
members.  All  parts  of  the  car  framing  shall  be  so  proportioned  that  the 
sum  of  the  maximum  unit  stresses  to  which  any  member  is  subject  shall  not 
exceed  the  following  amounts  in  pounds  per  square  inch — these  stresses,  un- 
less otherwise  stated  below,  are  for  steel  having  an  ultimate  tensile  strength 
of  from  55,000  to  65,000  lb.  per  sq.  in. : 

Bolsters  of  Rolled  Steel — Stress  shall  not  exceed  12,500  lb.  per  sq.  in. 

Sills  and  Framing  of  Rolled  Steel — Stress  shall  not  exceed  16,000  lb.  per 
sq.  in. 

When  cast  steel  is  used  the  allowable  stresses  may  be  the  same  as  for 
rolled  steel  except  tension  stresses,  which  must  be  at  least  20  per  cent  less 
than  those  allowed  for  rolled  steel,  as  specified  above. 

10  To  meet  these  requirements,  there  are  at  this  time  three 
distinct  forms  of  construction  employed:  The  one  most  gen- 
erally employed  is  illustrated  in  Figs.  8  and  9,  which  is  com- 
posed of  rolled-steel  sections  with  the  center  sills  running  the 
full  length  of  the  car  from  buffer  beam  to  buffer  beam.  An- 
other type  is  that  in  which  the  rolled  steel  center  sills  connect 
at  the  bolster  with  a  steel  casting,  forming  a  combined  body 
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bolster,  center  and  side  sills,  and  end  sills,  as  illustrated  in  Figs. 
10  and  11.  Another  type  is  that  in  which  the  rolled-steel  center 
sills  connect  at  the  bolster  with  a  steel  casting,  forming  a  com- 
bined body  bolster,  center  and  side  sills,  end  sill  and  the  entire 
end  frame  of  the  car,  as  illustrated  in  Fig.  12. 

11  In  the  first  form  of  construction,  shown  in  Figs.  8  and  9, 
rolled  sections  are  employed  entirely.  The  members  forming 
the  center  sill  construction  extend  the  full  length  of  the  car  from 
one  buffer  beam  to  the  other  and  all  other  longitudinal  mem- 
bers, such  as  side  sills,  belt  rail,  etc.,  extending  the  full  length 
of  the  car  body  and  in  the  case  of  vestibuled  cars,  the  rolled 
section  side  plate  extends  the  full  length  of  the  car  from  one 
vestibule  corner  post  to  another.  The  end  sill  is  usually  com- 
posed of  pressed  or  rolled  shapes  riveted  to  the  center-sill  con- 
struction and  extending  laterally  outwards  to  the  sides  of  the 
car,  the  ends  of  the  side-sill  members  butting  against  and  being 
riveted  to  these  end-sill  members.  The  upper  end  plate  of  the 
car  is  composed  of  rolled  or  pressed  sections  extending  in  one 
piece  across  the  width  of  the  car  and  attached  to  the  longitudinal 
side  plates  by  connecting  angles  and  gussets.  To  this  end  plate 
are  also  attached  the  longitudinal  members  of  the  upper  deck 
sides.  The  end  posts  are  rolled  or  pressed  sections,  usually  Z-sec- 
tions,  extending  downward  to  the  bottom  line  of  and  riveted  to 
the  end  sill.  The  upper  ends  of  these  posts  extend  upwards  to 
the  top  line  of  and  are  riveted  to  the  end  plate.  The  nose  piece 
or  buffer  beam  is  composed  of  rolled  cliannels  with  their  flanges 
turned  inwardly  towards  each  other,  presenting  their  smooth 
surfaces  on  the  outside,  these  channels  being  formed  to  suit  the 
contour  requirements  of  the  vestibule,  the  channel  members  form- 
ing a  box  construction  Avith  top  cover  plates. 

12  This  buffer  beam  extends  across  and  is  riveted  to  the  out- 
ward ends  of  the  center-sill  construction,  from  which  it  will  be 
observed  that  the  purpose  of  this  design  is  to  transmit  the  end 
buffing  shock  to  the  center-sill  construction.  The  vestibule  cor- 
ner posts  are  rolled  channel  or  Z-sections,  whose  bottom  ends 
extend  down  into  and  are  riveted  to  the  outer  ends  of  the  buffer 
beams  and  whose  upper  ends  are  riveted  to  the  vestibule  end 
plate  and  to  the  upper  longitudinal  side  plate  of  the  car  body, 
which  projects  beyond  the  end  of  the  car  body  to  meet  and  to 
connect  with  this  vestibule  corner  post.  The  center  vestibule 
posts   are   6-in.   I-beams   whose   lower   ends   extend   downward 
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through  and  are  connected  to  the  buffer  beam  member  and  whose 
upper  ends  extend  upward  to  and  are  connected  to  the  vestibule 
end  plate  steel  angle.  Between  the  upper  ends  of  these  center 
vestibule  posts  and  the  end  of  the  car  body,  are  longitudinal 
compression  members  in  the  form  of  steel  channels  or  angles. 
These  rolled  section  corner  posts,  door  posts  and  vestibule  door 


lo'-or 
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Fig.  10     Body  End  Framing,  Type  shown  in  Fig.  11 


and  corner  posts,  are  encased  in  light  steel  casings  formed  to 
give  them  the  finished  appearance  of  the  same  members  in  a 
wooden  car. 

13     In  stub-end  cars  of  this  type  of  construction,  the  buffer 
beam  is  of  considerably  hea^der  construction  than  in  the  vesti- 
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biile  car,  and  is  usually  composed  of  a  built-up  box  construction 
or  a  one-piece  steel  casting,  this  buffer  beam  being  secured  imme- 
diately to  the  outside  face  of  the  end  sill.  In  this  construction 
there  is  usually  employed  a  much  heavier  vestibule  center  post 
than  in  the  vestibuled  car.  These  vestibule  posts,  usually  being 
a  12-in.  I-beam,  are  located  immediately  in  line  with  and  behind 
the  vestibule  diaphragm  and  face  plate.  The  end-post  con- 
struction is  much  the  same  as  described  for  the  vestibuled  car, 
there  being  a  difference,  however,  in  the  construction  of  the  end 
plate,  which  in  the  stub-end  car  is  a  pressed  channel  section 


Fig.  12    Integral  Steel  Casting  Used  ix  Exd  Frame  Construction 


formed  to  suit  the  contour  of  the  car  end,  this  channel  end  plate 
being  placed  across  the  end  of  the  car  in  a  horizontal  plane,  and 
into  and  riveted  to  this  channel  end  plate  are  the  upper  ends 
of  the  corner  posts,  end  posts  and  vestibule  posts. 

14  In  the  second  type  of  construction  referred  to,  a  steel 
casting  is  employed  forming  the  body  bolster  and  platform  to 
which  the  center-sill  construction  is  riveted  to  this  steel  bolster. 
This  construction  is  illustrated  in  Figs.  10  and  11,  from  which 
it  will  be  observed  that  the  center  sill  construction,  the  end  sill, 
platform  and  buffer  beam  are  all  embodied  in  one  steel  casting. 
The  end-post  construction,  the  corner  posts,  vestibule  corner  and 
center  posts  are  practically  of  the  same  construction  as  described 
for  the  built-up  type,  the  difference  being  in  the  method  of 
attaching  the  lower  ends  of  these  posts.  The  steel  casting  have 
openings  or  pockets  in  the  end  sill  and  buffer  beam  members,  in 
which  .the  lower  ends  of  these  posts  rest  and  are  riveted  to  the 
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casting.  The  construction  of  the  end  of  the  car  body,  the  vesti- 
bule and  hood  are  substantially  as  described  for  the  built-up 
construction. 

15  This  type  of  construction  for  the  stub-end  car  is  substan- 
tially the  same  as  that  just  described,  the  exception  being  that 
the  steel  bolster  and  end-sill  casting  takes  the  place  of  the  built- 
up  type  of  center  and  end-sill  construction,  the  end  post,  corner 
post  and  upper  end  construction  being  identical  in  the  two  types. 

16  In  the  third  type  of  construction  referred  to  the  entire 
bottom  framework  of  the  car  from  the  bolster  outward  to  the 
platform  and  buffer  beam,  is  one  integral  steel  casting,  and  the 
entire  end  framing  of  the  car  is  one  integral  steel  casting,  as 
illustrated  by  Fig.  12. 

17  In  referring  to  the  three  types  of  construction  just  out- 
lined, it  must  be  understood  that  reference  is  made  to  them  only 
as  types,  and  no  attempt  is  made  to  describe  the  construction  of 
any  one  railroad  or  carbuilder  in  particular,  or  to  undertake  to 
establish  any  of  the  forms  described  as  being  a  standard,  as  the 
details  of  construction  vary  to  a  considerable  degree  with  differ- 
ent railroads  and  builders. 

18  It  is  of  course  apparent  that  the  weight  of  the  steel  car 
is  much  greater  than  a  car  of  the  same  size  of  wooden  construc- 
tion, and  that  the  wooden  car  possesses  in  itself  a  natural  elas- 
ticity to  absorb  buffing  shoclvs  such  as  are  produced  by  collision 
that  the  steel  car  does  not  furnish.  Hence,  in  the  development 
of  the  steel  car,  with  the  enormous  increase  in  weight  of  trains 
and  the  high  speed  at  which  they  run,  there  has  been  a  growing 
tendency  to  increase  the  strength  of  the  structure  with  the  view 
of  making  it  as  nearly  indestructible  as  possible  in  order  to 
compensate  for  the  absence  of  elasticity.  It  is  also  apparent 
that,  notwithstanding  the  strength  of  the  structure,  if  it 
encountered  an  opposing  force  of  sufficient  magnitude,  it  might 
be  annihilated,  and  so  this  strengthening  process,  and  the  in- 
creasing weight  and  speed  might  go  on  indefinitely  without 
furnishing  the  result  sought  for.  It  is  equally  true  that  if  the 
structure  is  designed  for  such  strength  as  to  be  indestructible, 
when  the  two  opposing  forces  meet,  the  movable  objects  within 
the  cars,  which  is  the  human  load,  must  suffer  the  damage.  To 
avoid  this  possibility  the  idea  has  been  evolved  to  construct  that 
portion  of  the  end  of  the  car  between  the  end  of  the  main  body 
and  the  vestibule  face  plates,  these  members  being  all  such  parts 
as  are  embraced  in  the  platform,  vestibule  and  hood  covering  the 
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vestibule,  so  that  it  will  collapse  under  a  less  shock  than  Avould 
be  required  to  crush  in  the  end  of  the  car  body  itself. 

19  This  idea  is  based  on  the  theory  that  in  a  train  in  which 
there  are  say  ten  vestibuled  cars,  there  is  the  space  between  the 
main  bodies  of  each  two  coupled  cars  occupied  by  the  platforms 


Fig.  13     Collapsible  Vestibule  constructed  entirely  of  Steel 

and  vestibules  of  approximately  8  ft.,  or  in  a  ten-car  train  a 
space  of  approximately  80  ft.,  of  shock  absorbing  space,  which, 
if  properly  utilized  in  the  instant  of  collision,  would  remove  to 
a  large  degree  the  shock  and  resultant  damage  to  the  car  body 
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itself  and  likewise  lessen  the  possibility  of  damage  to  the  per- 
sons of  the  passengers.  From  this  idea  has  developed  what  is 
termed  a  collapsible  vestibule.    It  is  generally  conceded  that  if 


Fig.  14     Collapsible  Vestibule  made  of  a  Series  of  Wooden  Posts  to 
SECURE  Advantage  of  Elastic  and  Cushioning  Properties  of  Wood 


two  vestibuled  cars  coupled  together  could  maintain  their  re- 
spective horizontal  planes  at  the  instant  of  shock  due  to  colli- 
sion, there  could  be  no  telescoping  and  that  telescoping  is  due 
to  one  car  assuming,  at  the  instant  of  collision,  a  higher  or  lower 
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horizontal  plane  than  its  adjoining  neighbor,  causing  one  to  ride 
the  other  with  the  resultant  telescoping  effects. 

20  It  is  generally  conceded,  that  in  cases  of  two  cars  tend- 
ing to  telescope,  the  point  of  maximum  shock  is  never  over  20 
in.  above  the  floor  line.  In  the  Government  postal  car  specifi- 
cations, this  point  has  been  definitely  fixed  at  18  in,  above  the 
floor  line,  and  with  this  in  view  the  end  posts  are  reinforced 
for  a  distance  of  about  4  ft.  above  the  floor  line  by  steel  angles 
riveted  to  the  Z-bar  end  posts. 


^i5"Tr;>C~^^  V 


Fig.  15     Skeleton  of  Platform  Members  for  All-Steel  Construction 


21  A  general  idea  of  this  collapsible  vestibule  is  afforded  by 
Figs.  13  and  14.  Fig.  13  shows  the  construction  entirely  of  steel, 
while  Fig.  14  shows  a  series  of  wooden  posts  and  platform  and 
vestibule  members  in  addition  to  the  steel  members  to  secure  the 
recognized  advantage  of  the  elastic  and  cushioning  properties 
of  the  wood. 

22  In  this  construction  the  longitudinal  sills  and  floor  mem- 
bers are  designed  to  stop  at  the  end  sill  of  the  car  body  proper, 
the  end  of  which  is  sheathed  with  a  heavy  steel  plate  extending 
in  one  piece  vertically  from  the  roof  downward  to  the  bottom 
of  the  end  sill.  If  the  shock  of  collision  is  not  entirely  absorbed 
by  the  vestibule  luembers  before  the  end  of  the  car  body  proper 
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can  be  crushed,  this  plate  will  tend  to  pull  the  roof  downward 
and  cause  the  direction  of  the  oncoming  car  to  deflect  obliquely 
upwards  instead  of  the  two  cars  telescoping.  Further  to  offset 
the  effect,  should  the  two  cars  change  their  horizontal  planes 
in  collision,  pressed  steel  shapes  in  the  nature  of  anti-climbers, 
are  placed  below  the  buffer  beam  and  platform. 

23  Fig.  15  shows  the  skeleton  of  the  platform  members  for 
the  all-steel  construction,  and  Fig.  16  shows  the  skeleton  of  the 
platform  members  where  wooden  features  are  employed. 

24  The  vestibule  diaphragm  posts  are  constructed  of  heavy 


Fig.  16    Skeleton  of  Platform  Members,  Steel  and  Wooo  Construction 


steel  I-beams  rigidly  secured  at  the  bottom  to  the  buffer  beam 
and  at  the  top  to  the  vestibule  end  plate  and  longitudinal  braces. 
25  The  platform,  vestibule  and  hood  members  are  designed 
with  a  view  to  withstanding  all  shocks  incident  to  regular  ser- 
vice, but  in  abnormal  shocks,  such  as  would  result  from  collision, 
the  rivets  connecting  the  various  members  would  shear  off  with 
the  exertion  of  less  energy  than  would  be  required  to  crush  the 
end  of  the  car  body,  thereby  causing  the  vestibule  to  collapse, 
absorbing  the  shock  and  furnishing  a  cushion  between  the  two 
car  bodies  proper.    It  is  assumed  that  in  case  of  a  collision  these 
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would  be  the  only  parts  seriously  damaged,  and  the  car  could 
be  repaired  and  replaced  in  service  with  a  minimum  of  expense 
and  delay. 

26  The  entire  collapsible  vestibule,  comprising  the  platform, 
vestibule  and  hood,  is  constructed  as  a  unit,  detachable  and  sep- 
arate from  the  car  body  proper  and  can  be  applied  after  the 
car  is  built  or  in  the  alteration  of  cars  already  built  and  is 
equally  applicable  to  cars  of  either  steel  or  wood  construction. 

27  The  object  of  the  collapsible  vestibule  is,  first,  to  protect 
the  lives  of  the  passengers  and  secondly  to  protect  the  body 
proper  of  the  car  from  serious  damage. 


INDUSTRIAL  MANAGEMENT 

At  the  Annual  Meeting  of  the  Society  in  December  the  Sub- 
Committee  on  Administration  presented  for  discussion  majority 
and  minority  reports  reviewing  the  present  state  of  the  art  of 
industrial  management.  These  reports  were  printed  in  the  No- 
vember Journal;  the  discussion  followed  in  March.  HereAvith 
is  published  additional  discussion  together  with  the  closure. 

DISCUSSION   OF  REPORTS  OF  SUB-COMMITTEE  ON 

ADMINISTRATION    ON    THE    PRESENT    STATE 

OF  THE  ART  OF  INDUSTRIAL  MANAGEMENT 

Frank  B.  Gilbretii.  The  report  is  especially  valuable  for  the 
reason  that  it  emphasizes  the  fact,  which  has  long  been  realized 
by  those  engaged  in  the  work  of  installing  scientific  management, 
that  transference  of  skill  is  one  of  the  most  important  features.^ 
They  do  not,  however,  make  sufficiently  plain  that  such  skill  and 
the  experience  which  precedes  it  must  be  measured  and  recorded 
before  it  can  be  most  efficiently  transferred. 

A  better  name  for  scientific  management  is  "  measured  func- 
tional management."  It  is  not  sufficient  to  call  it  "  labor  saving 
management  "  for  it  deals  with  more  than  labor  and  labor  saving. 
It  is  a  way  for  obtaining  methods  of  least  waste.  It  not  only 
saves  useless  labor,  but  it  improves  labor  conditicms;  improves 
quality  of  product;  prolongs  the  period  of  the  worker's  pro- 
ductivity; conserves,  teaches  and  transfers  skill  and  experience. 
The  committee  have  caused  the  Society  and  the  world  to  recog- 
nize at  last  the  importance  of  the  feature  of  the  transference  of 
skill,  but  they  apparently  still  lack  appreciation  of  the  even 
greater  feature  of  the  recording  and  transference  of  experience 
of  Mr.  Taylor's  measured  functional  management  and  of  micro- 
motion study.  Mr.  Taylor's  system  is  best  descril)ed  in  his 
writings  entitled  A  Piece  Rate  System,  Shop  Management,  and 

^  See  Primer  of  Scientific  Management,  F.  B.  Gilbreth,  p.  56 ;  Psychology 
of  Management,  L.  M.  Gilbreth,  chap.  8;  Motion  Stndy.  F.  P..  Gilbreth.  p.  36. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th   Street, 
New  York.     All  discussion  is  subject  to  revision. 
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On  the  Art  of  Cutting  Metals,  published  by  the  Society,  and  Prin- 
ciples of  Scientific  Management,  published  by  Harper  &  Bros. 

As  brought  out  in  the  report,  the  importance  of  transference 
of  skill  was  realized  many  years  ago.  Studies  in  division  of 
work  and  in  elapsed  time  of  doing  Avork  were  made  by  Adam 
Smith,  Charles  Babbage,  M.  Coulconib  and  others,  but  accurate 
measurement  in  management  became  possible  when  Mr.  Taylor 
devised  his  method  of  observing  and  recording  elementary  unit 
net  times  for  performance  with  measured  allowance  for  fatigue. 

It  is  now  possible  to  capture,  record  and  transfer  not  only  skill 
and  experience  of  the  best  worker,  but  also  the  most  desirable 
elements  in  the  methods  of  all  workers.  To  do  this,  scientific 
management  carefidly  proceeds  to  isolate,  analyze,  measure, 
synthesize  and  standardize  least  wasteful  elementary  units  of 
methods.  This  it  does  by  motion  study,  time  study  and  micro- 
motion study  which  are  valuable  aids  to  sort  and  retain  all  useful 
elements  of  best  methods  and  to  evolve  from  these  a  method 
worthy  to  be  established  as  a  standard  and  to  be  transferred  and 
taught.  Through  this  process  is  made  possible  the  community 
conservation  of  measured  details  of  experience  which  has  revo- 
lutionized every  industry  that  has  availed  itself  of  it. 

Micro-motion  study,  presented  for  the  first  time  at  this  meet- 
ing, is  a  new  and  accurate  method  of  recording  and  transmitting 
skill.  Based  upon  the  principles  of  motion  study  and  time  study, 
it  makes  possible  simultaneous  measurement  of  both  time  and 
path  of  motions.  It  produces  an  entirely  different  result  from 
any  of  the  methods  attempted  by  its  predecessors,  in  that  it 
shows  a  measured  difference  in  the  time  of  day  on  each  and 
every  cinematograph  picture,  even  when  the  pictures  are  taken 
at  a  rate  much  faster  than  ever  considered  in  work  where  posi- 
tive films  are  printed  and  projected  upon  the  screen. 

The  devices  used  in  making  micro-motion  study  are  adaptable 
to  the  needs  of  the  work.  The  kind  of  clock  and  camera  used 
and  the  number  of  pictures  taken  per  unit  of  time  depends  upon 
the  nature  of  the  work  observed.  For  those  interested  primarily 
in  the  time  study  work  of  a  machine  shop,  the  clock  that  shows 
divisions  of  1/200  of  a  minute  is  recommended;  for  ordinary 
problems  of  motion  study,  the  clock  showing  divisions  of  1/1000 
of  a  minute  is  the  best;  and  for  those  who  desire  to  make  the 
finest  of  motion  and  time  studies  for  the  purpose  of  obtaining 
ultimate  metJiods  of  least  waste,  the  clock  showing  divisions 
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of   1  000  AAA    of  an  hour  or  less  is  absolutely  necessary.    Such  a 

clock  is  essential  for  discovering  the  method  of  least  waste  in 
cases  such  as  handing  instruments  to  a  surgeon  when  operating. 
There  is  no  case  in  the  industries  where  the  necessity  for  highest 
possible  speed  consistent  w'ith  desired  results  is  so  great.  For 
example,  when  operating  for  mastoiditis,  it  is  necessary  that 
the  probe  to  lift  the  scalp  be  used  within  the  shortest  possible 
time  after  the  skin  has  been  cut,  before  the  blood  has  had  time 
to  run  down  into  the  cut.  Micro-motion  study  and  stereo-cycle 
graphs  are  the  only  methods  that  will  measure  the  times  and 
paths  of  different  motion  methods  for  doing  this  portion  of  the 
operation.  Micro-motion  study  has  already  deterndned  that  the 
combining  of  two  or  more  instruments  or  tools  for  such  cases  and 
reversing  the  ends  in  the  hand  is  much  quicker  than  dropping 
one  tool  and  grasping  another. 

Not  only  is  it  possible  with  micro-motion  study  to  make  more 
accurate  measurements  of  shorter  times  than  one  could  with  any 
other  method  of  motion  or  time  study,  it  is  also  less  expensive, 
even  for  ordinary  work,  than  the  older  stop-watch  method.  Much 
of  the  work  can  be  done  by  a  less  skilful  man  than  the  old-time 
study  man ;  moreover,  provision  is  made  for  stopping  all  photo- 
graphic expense  during  any  time  the  worker  is  resting,  or  doing 
work  where  no  record  except  elapsed  time  is  wanted. 

Recent  improvements  in  the  method  of  taking  pictures  and  of 
using  half-width  films,  with  nearly  twice  as  many  pictures  to 
the  foot  and  about  one-third  as  many  to  the  second  as  is  used 
in  motion  pictures  of  the  standard  "  moAdes,-'  have  still  further 
reduced  the  cost  of  taldng  micro-motion  studies. 

Because  of  the  flexibility  of  the  micro-motion  study  apparatus 
the  possibilities  of  its  use  are  much  extended.  It  is  possible  to 
take  pictures  as  slowly  as  is  desired,  for  such  observations  for 
example,  as  are  required  on  time  study  of  the  machine's  time, 
such  as  one  picture  per  minute,  while  when  it  is  desired  to  study 
the  minutia  of  motions  the  pictures  can  be  recorded  at  any  de- 
sired speed,  even  at  the  rate  of  1,000,000  per  hour,  for  short 
periods.  Recording  as  it  does  rest  periods  as  well  as  work  pe- 
riods, micro-motion  study  presents  complete  as  well  as  accurate 
records  of  the  skill  displayed. 

These  records  are  not  only  indispensable  to  those  who  are  to 
teach  or  transfer  the  skill  or  experience,  are  in  themselves  use- 
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ful  as  object  lessons,  but  more  important  than  all  else  they  are 
the  devices  that  measure  and  record  the  skill  which  is  to  be  trans- 
ferred. They  are  used  by  the  man  who  makes  standards  to  de- 
termine the  most  efficient  method  of  doing  work.  By  them  he 
is  able  to  "  take  any  motion  apart "  and  to  think  in  elementary 
motions.  Being  provided  not  only  with  a  record  of  the  best 
method  of  the  best  man,  but  with  records  of  the  best  methods 
of  all  most  skilled  workers,  he  can  synthesize  these  into  a  stand- 
ard method  which  will  be  better  than  any  of  the  methods  sub- 
mitted, and  is  likely  to  be  better  than  all  combined. 

To  the  worker  this  knowledge  comes  in  various  ways:  He 
may  be  given  photographic  films  depicting  some  method  that  he 
desires  to  acquire.  These  he  can  study  at  his  leisure;  making  the 
demonstrator  do  the  work  as  slowly  as  he  pleases.  ,The  difficulty 
that  most  skilled  workers  find  in  making  habitual  motions  slowly 
is  a  great  hindrance  to  learning  by  observing  them.  The  film 
records  the  swiftest  motions,  which  can  be  taken  apart  and  ob- 
served slowly.  He  may  be  given  films  on  which  are  recorded 
methods  of  distant  shops  whose  workers  he  would  never  other- 
wise observe.  The  worker  may  be  taught  not  directly  by  the 
films,  but  by  methods  derived  indirectly  by  them. 

With  records  of  skill  that  fulfil  the  three  requirements  of 
measurement,  namely,  (a)  of  proper  units  (h)  made  by  scientif- 
ically derived  methods  (c)  with  devices  that  reduce  expense,  and 
with  transference  of  skill  that  assures  every  worker  an  oppor- 
tunity to  acquire  the  best  that  has  been  thought  and  done  in  his 
line,  scientific  management  can  now  look  forward  to  fulfilling 
the  ultimate  demands,  justify  itself  from  the  economic  view- 
point, and  reduce  the  cost  of  the  product  to  the  consumer. 

Closure.  The  large  amount  of  discussion  offered  on  the  re- 
port on  The  Present  State  of  the  Art  of  Industrial  Management 
shows  the  interest  in  this  subject  on  the  part  of  members  of  the 
Society.  This,  and  the  manner  in  which  the  report  was  received, 
are  sources  of  gratification  to  the  committee.  Although  a  few 
points  were  singled  out  for  objection,  the  report  as  a  whole 
seems  to  have  been  approved.  In  fact,  these  objections  as  they 
appear  in  the  printed  discussion,  in  most  cases  can  be  directly 
offset  by  quotations  from  the  same  source. 

The  first  objection  is  that  the  report  gives  "  no  more  than  a 
fragmentary  idea  of  the  conditions  under  which  this  art  is  car- 
ried on  in  the  United  States  today,"  first  paragraph  of  Mr.  Go- 
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ing-'s  discussion.  Offsetting  this,  we  quote  from  the  first  para- 
graph of  Mr.  Gantt's  discussion,  "  The  committee  have  caught 
fully  the  present  spirit  of  the  movement  now  in  progress,  and 
Pars.  45  to  58  of  their  report  seems  to  me  to  be  an  excellent 
resume  of  the  subject."  It  was  obviously  improper  for  the  com- 
mittee to  consider  the  details  of  the  systems  of  the  art  of  man- 
agement as  practised,  but  it  was  essential  to  show  the  spirit  of 
the  movement  and  if  possible  the  principles  upon  which  it  rests. 
This  the  report  endeavored  to  do,  and  did  do  in  the  opinion  of 
the  member  quoted  above. 

Mr.  Thompson  pointed  out  that  there  are  several  criticisms 
made  by  workmen  against  modern  industrial  management,  and 
that  labor  unions  are  busily  figliting  its  introduction.  With 
further  reference  to  these  features  is  this  sentence,  "  The  report 
of  such  a  committee  as  this  should  not  have  overlooked  the 
opportunity  to  begin  or  extend  the  campaign  of  education  in 
these  particulars."  And  again,  in  regard  to  the  dehumanizing 
effect  on  the  workers  of  the  methods  of  modern  industrial  man- 
agement the  same  author  says,  "  This  committee  must  have  had 
an  opportunity  to  look  into  this  side  of  the  case;  and  it  is  to  be 
regretted  that  they  have  not  improved  it  more  fully." 

This  author  seems  to  have  overlooked  the  necessity  which 
compelled  the  committee  to  treat  of  their  subject  in  a  non-con- 
troversial manner.  At  the  same  time,  the  broad  results  from 
industrial  management  are  clearly  stated  in  Pars.  62  and  63. 
These  seem  sufficient  to  meet  this  criticism.  In  regard  to  the 
statement  that  the  criticism  of  the  dehumanizing  effect  should 
have  been  met,  we  need  but  quote  from  Mr.  Coburn's  discussion 
to  show  that  the  human  side  of  the  subject  was  found  by  one  of 
the  Society's  members,  "  — the  committee  have  expressed  in  their 
report  the  human  interest  side  of  scientific  or  labor-saving  man- 
agement, which  some  of  its  critics  say  it  lacks."  Further,  the 
entire  discussion  of  H.  L.  Gantt  develops  the  point  that  the 
workers  are  benefited  by  the  best  of  modern  management. 

The  term,  transference  of  skill,  is  used  frequently  in  the  re- 
port and  conveys  one  of  the  important  ideas  in  the  definition  of 
the  new  element  in  the  art  of  management.  This  term  seems  to 
have  been  misinterpreted,  for  near  the  end  of  Mr.  Thompson's 
discussion  we  read,  "  In  this  report  the  committee  emphasize  the 
'  transference  of  skill '  as  the  basic  feature  of  the  new  labor- 
saving  management.     Unfortunately,  however,  it  appears  that 
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this  term  is  used  with  two  meanings.  Throughout  most  of  the 
report  it  seems  to  mean  the  accumulation  of  sl^ill  by  the  plan- 
ning department  and  its  transference  from  this  department  by 
actual  instruction  to  the  workmen  just  as  machinery  is  said  to 
be  the  transference  of  skill,  according  to  the  report,  from  the 
designer  and  draftsmen  to  the  machine.  The  idea  intended  to 
be  conveyed  is  midoubtedly  right,  but  the  illustration  chosen  is 
unfortunate;  "  and  in  Mr.  Vaughan's  discussion,  "the  transfer- 
ence of  skill  referred  to  in  the  report  means  in  one  place,  doing 
away  with  skill,  in  another  the  improvement  of  skill,  and  devel- 
ops into  the  idea  of  telling  men  how  to  do  everything." 

The  idea  of  the  "  transference  of  skill  "  is  abstract,  and  these 
quotations  indicate  that  their  authors  have  failed  to  get  the 
meaning  of  the  term  as  used  by  the  committee.  "  Transference 
of  skill  "  is  a  process,  and  the  expression  might  be  expanded  into 
"  the  process  of  transferring  skill."  It  was  the  completion  of 
this  process  that  did  away  with  hand  looms  and  hand  weaving 
in  England.  At  the  time  of  this  completion,  the  skill  in  hand 
weaving  was  the  personal  possession  of  the  last  generation  of 
hand  weavers.  Men  of  the  succeeding  generation  did  not  acquire 
this  skill  for  there  was  no  economic  advantage  in  so  doing.  Yet 
cloth  was  woven  in  greater "  quantities  than  before,  leading  at 
once  to  the  question,  where  then  was  the  skill?  It  is  evident 
that  the  yarn  was  being  manipulated  by  machines,  thus,  the  for- 
mer human  skill  was  now  in  the  metal  fingers  and  arms  and 
levers  of  the  mechanism.  But  a  new  form  of  human  skill  was 
being  developed  as  the  process  advanced;  this  is,  the  practical 
ability  to  tend  the  machine,  keep  it  in  order  and  producing  to 
its  maximum  capacity. 

The  report  pointed  out  that  this  process  had  advanced  to  a 
great  length  in  the  field  of  machine  design,  but  had  remained 
almost  without  application  in  the  field  of  manufacturing.  The 
best  of  modern  industrial  management  applies  this  process  to  all 
of  the  activities  of  manufacturing,  that  is,  a  study  is  made  of 
the  steps  of  manufacturing  in  the  same  way  that  a  study  is  made 
of  the  steps  of  designing.  The  results  of  handling  and  operation 
study  are  recorded  for  the  instruction  of  the  men  engaged  in 
manufacturing,  in  the  same  manner  that  the  conclusions  of  the 
study  of  design  are  recorded  on  drawings  as  instructions  for 
what  is  to  be  made.    The  parallel  is  exact. 

It  must  be  emphasized  that  this  process  applies  to  much  more 
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than  the  operation  of  machines,  it  applies  to  everything  that  is 
done  in  handling  materials,  machines,  tools,  and  labor  used  in 
production.  It  is  unnecessary  to  list  these  in  detail,  for  everyone 
acquainted  with  manufacturing  appreciates  what  is  included. 
The  training  of  the  workmen  is  but  one  small,  though  important, 
part  of  the  application  of  this  j)rocess  of  transferring  skill. 

Eegarding  the  discussion  as  a  whole,  there  are  two  striking 
characteristics  that  attract  and  hold  attention ;  the  entire  absence 
of  exaggerated  statement  and  the  presence  throughout  of  a  hu- 
mane spirit  in  keeping  with  the  best  trend  of  thought  toward 
social  justice.  The  first  of  these,  the  absence  of  exaggeration  as 
to  what  industrial  management  has  done  or  can  do  was  to  be 
expected  in  any  discussion  before  a  body  of  engineers.  The  sec- 
ond shows  clearly  the  development  that  has  taken  place  within 
the  last  few  years  leading  to  a  new  appreciation  of  the  needs  and 
rights  of  employees. 

But  this  commendable  attitude  of  justice  does  not  seem  to 
have  had  its  full  influence  on  the  relations  existing  between  man- 
agement experts.  Among  some  of  these,  there  is  an  unfortunate 
spirit  of  intolerance.  This  is  in  marked  contrast  to  the  spirit 
prevailing  in  all  the  great  divisions  of  engineering.  In  these 
there  is  room  for  the  cadet  engineer  as  well  as  the  recognized 
expert  and  for  many  others  between  these  two  extremes  possess- 
ing varied  degrees  of  knowledge  and  experience,  as  witness  the 
membership  of  our  own  Society.  The  same  is  true  in  the  field 
of  industrial  management.  There  is  room  and  need  for  everyone 
who  understands  the  principles  upon  which  it  rests  and  who  will 
conscientiously  and  intelligently  apply  them. 

This  situation  and  these  facts  should  lead  to  a  tolerant  atti- 
tude between  all  who  are  honestly  trying  to  further  the  art  of 
industrial  management,  and  there  should  exist  the  same  spirit 
of  mutual  helpfulness  and  encouragement  which  actuates  those 
in  other  lines  of  engineering  specialization.  On  the  other  hand, 
all  who  are  trying  to  exploit  the  present  interest  in  this  impor- 
tant subject  for  mere  personal  advantage  must  be  unsparingly 

condemned. 
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Atteiition  is  called  to  the  table  of  equivalents  for  compound 
units.  It  is  intended  exclusively  as  a  help  to  readers  of  foreign 
periodicals,  and  is  considerably  more  complete  than  similar  tables 
in  the  usual  reference  books. 

THIS  MONTH'S  ARTICLES 

Karpen's  article  on  the  planing  flight  of  birds  and  See's  on 
a  new  principle  of  longitudinal  stability  both  contribute  valuable 
new  material  to  the  still  very  young  science  of  aeromechanics, 
the  See  principle  of  stabilization  being  of  particular  interest  in 
that  it  may  be  immediately  turned  to  practical  purposes.  In 
the  new  section,  Farm  Machinery,  two  types  of  poAver  plows  are 
described,  a  French  and  a  German,  with  data  as  to  cost  of  oper- 
ation. The  French  type  is  interesting  as  an  indication  of  the 
tendency  to  apply  soil  cultivation  by  mechanical  power  to  small 
estates.  An  abstract  in  the  section  Internal-Combustion  Engi- 
neering gives  data  on  the  cost  of  operating  gasolene  locomotives 
in  mines  in  Belgium,  as  well  as  a  brief  discussion  of  the  applica- 
tion of  Diesel  engines  to  driving  locomotives,  directly  or  with  an 
electric  power  conversion.  Neumann's  article  on  thermal  proc- 
esses in  a  gas  producer  is  of  interest  as  it  claims  to  be  the  first 
attempt  to  investigate  the  gas  producer  by  determining  the  direc- 
tion of  thermal  changes  in  it  as  a  systeui  subject  to  external  in- 
fluences. Hanffstengel,  in  the  preliminary  ]:)ublication  of  his 
experiments  on  the  power  consumption  of  hoisting  apparatus, 
discusses  the  bending  resistance  and  breaking  strength  of  chains, 
bending  resistance  of  belts,  scraper  and  conveyor  worm  efficiency, 
etc.,  which  makes  a  welcome  addition  to  the  far  from  rich  fund 
of  the  experimental  data  on  hoisting  machinery.  Additional 
data  on  belts,  by  Kammerer,  may  also  be  mentioned  in  this  con- 
nection.    Particular  attention  is  called  to  Leblanc's  description 
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of  awtoiiiatic-  halaiicers,  in  view  of  the  apparatus  described  as 
Avell  as  of  the  author's  exposition  of  the  theory  of  bodies  rotating 
at  high  speeds.  In  the  section  Steam  Engineering  data  may  be 
found  on  the  cost  of  permutit  water  purification.  In  the  same 
section  an  abstract  from  an  Italian  periodical  gives  a  detail  dis- 
cussion on  the  influence  of  cold  air  leaks  on  the  efficiency  of 
economizers,  as  well  as  a  discussion  of  the  Oddie-Simplex  steam- 
air  pump  and  Simplex  valve  gear.  Attention  of  steam  engi- 
neers is  also  directed  to  Daiber's  article,  in  the  next  section,  on 
stresses  due  to  bending  in  lap  riveted  boiler  seams  indicating 
how  such  stresses  can  be  determined  graphically.  A  simple  and 
efficient  method  for  fireproof  storage  of  drawings  is  described 
in  the  last  section.  Miscellanea,  where  may  also  be  found  data  on 
melters'  fever,  production  of  moving  pictures  in  factories,  etc.; 
a  brief  discussion  of  scientific  management  and  objections  made 
to  it  by  German  labor  papers  closes  the  abstracts. 

Aeronautics 

On  "  Planing  "  Flight  of  Birds  {Sur  le  vol  des  oiseaux  dit  "  vol  d 
voile,"  V.  Karpen.  Comptes  rendtts  des  seances  de  V Academic  des  Sciences, 
vol.  156,  no.  10,  p.  762,  March  10.  1913.  2  pp.  t).  Investigation  of  condi- 
tions permitting  planing  flight  of  birds.  The  weight  of  the  bird  P  in  kg 
and  the  surface  of  wings  S  in  qni  are  connected  by  the  equation :  4  8  =  P. 
It  is  shown  further,  that  in  order  to  plane,  the  bird  has  to  flow  into  the 
wind  when  the  velocity  of  the  latter  decreases,  and  against  the  wind  when 
it  increases,  and  in  order  that  the  bird  may  maintain  itself  in  the  air 
without  either  descending  or  ascending,  the  velocity  of  the  wind  must 
increase  or  decrease  at  the  rate  of  at  least  0.30  m  (0.98  ft.)  per  sec,  if 
the  direction  of  the  wind  is  horizontal.  If  the  wind  has  a  vertical  upward 
component,  it  tends  to  decrease  the  necessary  minimum  of  the  horizontal 
acceleration  or  deceleration.  Generally,  planing  is  possible  whenever  the 
average  of  geometric  acceleration  or  deceleration  is  from  30  to  50  cm  (0.98 
to  1.6  ft.)  per  sec. 

A  New  Principle  of  Longitudinal  Stability  of  Aeroplanes  (Stir  tin 
nouveau  principe  de  stabiliU  longitudinalc  des  aeroplanes,  A.  See.  Comptes 
rrndns  des  seances  de  V Academic  des  Sciences,  vol.  156,  no.  8,  p.  613,  Feb- 
ruary 24,  1913.  2  pp.  1  fig.  et).  The  usual  principle  of  longitudinal  stabiliz- 
ation is  the  so-called  principle  of  longitudinal  V,  or  the  distribution  of 
two  fixed  surfaces  one  behind  the  other,  in  a  manner  such  that  the  front 
surface  has  a  greater  angle  of  incidence  than  the  rear  one  (cp.  The  Jour- 
nal, February  1913,  p.  321).  Instead  of  this,  the  author  proposes  the  ap- 
plication of  an  entirely  new  principle,  illustrated  in  Fig.  1.  Let  the  aero- 
plane be  composed  of  the  main   supporting  plane  A   located   behind  the 
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plane  B,  the  latter  being  free  to  rotate  about  the  transversal  axis  (7,  and 
convex  bottoniwards,  or  generally  of  a  shape  such  that  the  pressure  of 
the  air  against  it  increases  when  the  incidence  decreases  (there  are  S- 
shaped  planes  having  this  property  as  vv^ell  as  good  supporting  qualities). 
In  motion,  the  plane  B  automatically  takes  a  position  such  that  the  air 
pressure  is  taken  up  by  the  axis  C,  and  the  plane  maintains  a  constant 
incidence.  This  is  shown  by  EMg.  1.  When  the  apparatus  is  in  equilibrium, 
the  two  pressures  D  and  E  on  the  planes  A  and  B  have  the  resultant  R 
passing  through  the  center  of  gravity.  If  the  apparatus  dips  forward,  the 
angle  of  incidence  of  the  two  planes  is  decreased ;  the  pressure  D  on  plane 
A  decreases,  but  the  plane  B  immediately  resumes  its  former  incidence, 
and  consequently  the  pressure  E  does  not  vary.  The  resultant  of  E  and  D 
therefore  approaches  E,  and  produces  a  couple  which  tends  to  relieve  the 
bow  of  the  apparatus,  or  to  restore  the  original  position.  The  same  hap- 
pens when  the  apparatus  dips  aft.  The  stabilizing  action  is  greater  than 
when  the  principle  of  longitudinal  V  is  applied.  To  verify  it  experimen- 
tally, the  author  constructed  a  model  of  reduced  dimensions  which  fully 
confirmed  the  theoi'etical  expectations. 


Direction  of  motion 
Fig.  1^    Second  See  Principle  of  Longitudinal  Stabilization  of  Aeroplanes 

Air  Machinery 

CojiPRESSED  Air  Meters  and  Determination  of  Air  Consumption  (Les 
coiiipteurs  d'air  comprime  et  revaluation  de  la  consommation  d'air,  W. 
Glucksmanu.  Annates  de  Vassociation  des  ingenicurs  sortis  des  Scales 
xixJciales  de  Gand,  ser.  5,  vol.  5,  no.  4,  1912.  12  pp.,  12  figs.  d).  General 
discussion  of  compressed  air  metering  and  description  of  the  Hodgson 
compressed  air  meters.  The  article  is  based  on  the  practice  in  South 
Africa  where,  in  the  mine  fields,  compressed  air  is  produced  in  central 
stations  and  sold  to  subscribers  like  gas  and  electricity,  necessitating  reli- 
able automatic  meters. 

Modern  Steel  Plant  Gas  Blowers  (Ncuere  Stahlwerks-Gasgebldse. 
Schomburg.  Die  FdrdcrtcclDiik,  vol.  6,  no.  2,  p.  38,  February  1913.  2  pp. 
as).  A  general  comparison  of  steam  and  gas  blowers  for  steel  plants, 
with  tables  showing  the  dimensions  of  the  blowers  of  both  kinds  now  in 
use,  and  lately  ordered  mainly  for  German  plants,  as  well  as  the  blower 
equipment  of  a  large  German  steel  plant.  The  gas  blower  shows  an  econ- 
omy of  20  to  50  Pf.  per  ton   (4.6  to  11.4  cents  per  short  ton)   raw  steel. 
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For  reserve  power  the  older  mills  keep  their  steam  engines,  while  more 
modern  plants  use  either  reciprocating  or,  more  often,  turbine  steam  drive. 
In  one  plant  a  tandem  gas  engine  is  used  to  supply  the  blast  both  to  the 
blast  furnaces  and  the  steel  making  plant,  thus  providing  for  reserve 
power. 

Farm  Machinery 

Latest  Motor  Plows  (Ncuere  Motorppnge,  K.  Praetorius.  Zeits,  des 
mittelcuropaischen  Motorwagen-V ereins,  vol.  12,  no.  5,  p.  107,  Mid-March 
1913,  6  pp.,  15  figs.  d.  The  article  is  to  be  continued).  Description  of  some 
of  the  latest  types  of  German  motor  plows.    Fig.  2  shows  the  plow  of  the 


Fia.  2     Motor  Plow  op  the  German  Power  Plow  Company 


German  Power  Plow  Co.  (Deutsche  Kraftpflug-Gesellschaft  m.b.H.).  It 
is  a  three-wheel  type,  with  the  two  front  wheels  as  drive  wheels.  The 
power  transmission  from  the  motor  to  the  axle  is  by  means  of  cone  clutch 
over  the  differential  gear.  The  plow  frame  is  movably  suspended  on  bell 
crank  levers  in  a  manner  such  that  by  rotating  the  screw  spindle  shown 
in  Fig.  2,  these  bell  crank  levers  can  be  displaced  and  thereby  bring  the 
plow  frame  to  the  ground  either  parallel  or  at  a  desired  angle.  This  can 
be  done  from  the  driver's  seat  so  that  when  an  obstacle  is  encountered, 
the  driver  does  not  have  to  get  up ;  at  the  same  time,  by  means  of  a  special 
spring  arrangement,  the  fi'ame  is  so  balanced  that  the  winding  up  of  the 
screw  spindle  can  be  done  without  great  exertion.  The  spikes  on  the 
wheel  circumference  have  three  vertical  adjustments  to  suit  various  ground 
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conditions,  and  are  of  a  shape  such  as  easily  to  penetrate  into  the  ground. 
By  coming  out  in  a  nearly  vertical  direction,  the  amount  of  earth  and  clay 
adhering  to  them  is  minimum.  The  steering  wheel  is  provided  with  sharp 
spikes,  to  find  the  necessary  purchase  in  plowed  over  ground.  When  trav- 
eling along  highways,  a  cover  bandage  is  slipped  over  the  wheels  to  pro- 
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Fig.  3     AnioN  Towing  Tractor 


tect  the  spikes.  The  plow  is  driven  by  a  50-h.p.  internal-combustion  engine, 
and  the  operation  cost  per  day,  at  the  rate  of  100  working  days  per  year, 
plowing  to  a  depth  of  25  cm  (say  10  in.)  20  Morgen  (12.6  acres)  per  day, 
is  at  M.3.72  per  Morgen  ($1.43  per  acre).    No  detailed  cost  data  are  given. 

Towing  Tractor  Arion    (Le  tractcvr-ioiicur  Arion,  Fernand  de  Cond6. 
Bulletin  (le  la  SocUte  d' Encouragement  pour  VUidustrie  nationale,  vol.  119, 
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no.  1,  p.  ir)J).  January  1913.  5  pp.,  5  figs.  d).  The  principle  of  tlie  Arion 
tractor  is  the  same  as  that  of  a  towing  boat.  The  tractor  proper  consists 
of  a  four-wheel  carriage  with  a  30  to  40-h.p.  explosion  engine  running  at 
the  normal  speed  of  450  r.p.m.  On  the  side  of  the  car  body  are  two  pulleys 
P  and  P'  (Fig.  3  A),  each  with  four  grooves  and  means  for  connecting  it 
with  the  engine.  The  plant  (Fig.  3  B)  is  installed  as  follows:  A  station- 
ary cable  c,  15  mm  (say  0.6  in.)  in  diameter,  is  stretched  across  the  field 
between  two  anchors  A  and  B,  and  coiled  up  on  the  pulleys  P  and  P' ; 
when  those  pulleys  are  set  in  rotation  by  the  engine,  they  coil  up  the 
cable,  and  drive  the  vehicle  towards,  say,  the  point  B,  and  the  vehicle 
drags  a  plow  or  other  implement  after  it.  When  the  tractor  reaches  B, 
it  is  reversed,  and  goes  back  to  A.  The  big  wheels  of  the  tractors  are 
the  running  wheels,  the  small  ones  the  driving  wheels ;  the  two-wheel 
trains  run  in  different  tracks,  which  permits  the  driving  part  of  the  cable 
c  to  pass  between  the  big  wheels,  and  c'  to  pass  outside  of  the  track  of 
the  small  wheels,  thus  letting  the  cable  run  without  interfering  with  the 
action  of  the  wheels.  Since  the  carriage  moves  first  in  one  direction,  and 
then  in  another,  along  parallel  lines,  it  is  provided  with  two  seats  for  the 
driver  S  and  S',  that  he  may  face  in  the  direction  of  motion ;  in  order  that 
he  may  always  make  the  same  motions  for  guiding  the  machine,  the  fly- 
wheel V  and  controlling  rod  of  steering  gear  T  are  arranged  so  that  they  can 
engage  with  the  driving  chain  either  directly  (one  way)  or  by  means  of 
gears  (when  going  the  other  way).  The  apparatus  has  no  change  speed 
gear;  the  flexibility  of  the  engine  which  can  run  from  350  to  700  r.p.m. 
takes  care  of  that.  In  addition  to  that,  the  speed  of  the  displacement  of 
the  tractor  may  be  varied  by  using  different  pulleys,  say  30,  40,  and  50  cm. 
(11.8,  15.7,  and  19.G  in.)  in  diameter.  Laterally  the  traction  is  effected 
by  means  of  the  chain  t  (Fig.  3  B).  The  tractor  proper  is  of  simple  con- 
struction, and  weighs  only  about  1500  kg,  or  about  3300  lb.,  practically  the 
weight  of  two  strong  oxen. 

There  is  however  an  important  addition  to  it,  viz.,  the  anchor-cars  (Fig. 
C)  ;  their  frame  is  carried  on  four  small  wheels,  with  axles  parallel  to 
the  direction  of  plowing.  Tlie  two  wheels  on  the  side  towards  wliich  the 
cable  is  stressed,  are  provided  with  sheet-iron  discs  of  a  diameter  larger 
than  the  wheels,  held  against  the  spokes  by  bolts  in  a  manner  such  as  to 
form  a  spherical  cap ;  this  disc  penetrates  into  the  ground  and,  owing  to 
its  concave  form,  the  tension  of  the  cable  tends  to  drive  it  deeper ;  to  pre- 
vent the  anchor-car  from  tilting  sidewise,  it  is  loaded  with  stones  or  pieces 
of  iron,  and  the  cable  is  attached  as  near  the  level  of  the  ground  as  pos- 
sible. At  each  operation  the  anchors  have  to  be  displaced  in  the  direction 
of  the  shaft  f  (Fig.  3  B),  a  distance  equal  to  the  width  of  the  furrow. 
The  article  indicates  how  this  is  done.  Two  men  are  required  to  operate 
the  tractor,  ah  engineer,  and  a  man  to  take  care  of  the  anchors ;  two  men, 
one  at  each  of  the  anchors,  are  said  to  give  still  better  results.  Some  data 
of  tests  are  cited  in  the  article. 

Internal-Combustion  Engineering 

Two  Years  of  Practice  with  Gasolene  Locomotives  (Dcu.r  ounces  de 
pratiqite  avec   locomotives   a    henzine,   A.   Bni.iot.     Annales   de   mines   de 
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Bclgique,  vol.  18,  no.  1,  1913,  p.  3,  43  pp.,  17  figs.  dp).  Data  on  Belgian 
practice  of  gasolene  mine  locomotives,  of  which  the  most  important  are 
preseutetl  in  Fig.  4,  1  franc  =  $0.193 ;  1  franc  per  ton-kilometer  =  $0,282 
per  short  ton-mile.  The  following  conclusions  can  be  drawn  from  these 
curves,  at  least  as  far  as  the  Belgian  practice  is  concerned :  The  fixed 
charges  are  the  same  nearly  everywhere,  and  depend  on  the  rate  of  wages, 
with  a  material  increase  in  mines  where  switchmen  are  required;  the  vari- 
able charges  are  primarily  functions  of  the  cost  of  gasolene,  the  consump- 
tion being  practically  uniform  in  all  cases.  On  the  other  hand,  the  con- 
sumption of  oil  and  grease  aiipears  to  vary  considerably  from  plant  to 
plant.  In  a  general  manner  (Fig.  4  C)  the  curve  of  prices  will  be  at  B 
with  price  of  gasolene  at  18  frs.  per  100  kg.,  but  shifts  to  A  when  the 
price  of  gasolene  rises  to  32  fi*s.  The  most  important  fact  which  these 
curves  show,  however,  is  that  the  locomotives  must  be  worked  as  hard  as 
possible;  with  400  to  500  ton-kilometers  (275  to  .340  ton-miles)  in  a  9-hour 


Fig.  5     Neckarsulmer  Car  Lubricating  System 


working  day,  the  price  per  ton-kilometer  is  5  to  7  centimes  ($0,013  to  O.OIS 
per  short  ton-mile)  ;  often,  however,  only  about  250  ton-kilometers  per 
working  day  are  made,  in  which  case  the  cost  rises  to  8  to  11  centimes 
per  ton-kilometer,  and  it  goes  up  still  higher  when  the  work  done  per  loco- 
motive per  day  falls  lower.  On  the  whole  gasolene  locomotives  in  Belgium 
proved  to  be  both  economical  and  efficient,  exceiJt  in  particular  places 
wliere  conditions  are  unusually  unfavorable. 

Causes  and  Efffxts  of  Premature  Ignition  in  P]xpi,osion  and  Com- 
bustion Engines  {Causes  et  effets  dcs  allumagcs  pirmatiires  dans  Ics 
moteurs  a  explosion  et  d  combustion.  La  Revue  electrique,  vol.  19,  no.  222, 
p.  270,  March  21,  1913.  li^  pp.  p).  From  a  paper  read  by  L.  Letombe  at 
a  meeting  of  the  Societe  des  Ingcnieurs  Civil  de  France  on  February  7, 
1913.  General  discussion  of  the  causes  of  premature  ignition.  For  a  de- 
tailed abstract  see  The  AntomoMle,  April  10,  1913,  p.  805. 

Diesel  Engines  as  Motive  Plant  for  Railway  Locomotives  {Dicsclmo- 
toren    als    Triebmaschinen    fiir    Eiscnbuhnfahrseuge,    ElclctriscJie    Kraft- 
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brfriche  und  Bahnen.  vol.  13,  no.  4,  p.  S4,  February  4,  1913.  l^j  PP..  2 
figs,  erf)-  The  advantages  of  the  Diesel  driven  locomotive  are:  better 
use  of  fuel  permitting  an  economy  of  40  per  cent  against  coal,  even  though 
the  fuel  itself  costs  nearly  240  per  cent  as  much  as  coal ;  possibility  of 
longer  runs,  and  lighter  fuel  load  on  the  engine.  The  direct-drive  Diesel 
locomotive  of  Sulzer  Bros,  (for  preliminary  data  of  its  construction  cp. 
The  Journal,  June  1912,  p.  942),  according  to  the  article,  does  not  appear 
to  have  proved  a  success,  mainly  because  direct-drive  is  little  suitable  for 
locomotive  work.  A  large  torque  has  to  be  exercised  at  the  start  at  slow 
speed,  and  this  calls  for  dimensions  larger  than  would  otherwise  be  neces- 
sary. On  the  other  hand,  Diesel  electric  locomotives  are  said  to  have  been 
more  efficient,  since  the  engine  can  be  driven  at  a  high  speed  (direct-con- 
nected with  the  generator  and  exciter)  and  work  at  constant  load.  The 
article  contains  some  brief  data  on  the  Diesel  electric  locomotive  built  for 
experimental  and  demonstration  purposes  by  the  Swedish  General  Electric 
Company  in  Viisteras  and  operated  on  the  Swedish  State  Railroads. 

Gekman  AuTOMomLE  Constructions  (Dentsche  Auiomohil-Konstruk- 
tioncn,  P.  Fielehr.  Auto-Technik,  no.  6,  p,  31,  appended  to  AUgemeUie 
Automohil-Zeitung,  vol.  14,  no.  11,  March  14,  1913,  serial,  not  complete. 
(I).  Description  of  some  of  the  latest  types  of  German  automobiles.  Fig. 
5  shows  the  double  lubricating  system  of  the  car  of  the  Neckarsulmer 
Fahrzeugwerke  A-G.  In  addition  to  the  usual  geared  pump  which  provides 
lubrication  for  the  bearings  of  the  crankshaft,  connecting-rod  and  piston 
pin,  there  is  also  a  plunger  pump  which  supplies  oil  to  the  crank  case 
as  it  is  used  up  in  the  engine.  This  second  pump  is  placed  inside  an  oil 
tank  of  proportions  such  as  to  provide  oil  for  a  run  of  350  km  (say  217 
miles),  and  is  driven  from  the  camshaft  by  a  worm  and  wormwheel.  It 
has  only  one  valve  consisting  of  a  ball  pressed  by  a  spring  against  the 
valve  seat.  The  oil  from  the  tank  is  sucked  in  through  a  hole  in  the  pump 
casing,  and  part  of  it  is  forced  out  again  until  the  piston  in  its  down- 
ward stroke  closes  the  opening ;  the  oil  remaining  in  the  pump  is  then 
forced  through  the  pressure  valve  along  the  pump  shaft  into  the  crank 
case,  where  it  mixes  with  oil  of  circulation  and  is  fiu'ther  taken  care  of 
by  the  geared  pump.  As  shown  in  Fig.  5  it  is  impossible  to  shiit  off  en- 
tirely the  admission  of  the  lubricant  to  the  bearings,  which  therefore  can- 
not run  dry,  even  with  careless  oi)crators ;  excessive  hibrieation  may,  how- 
ever, be  easily  regulated. 

The  Processes  in  a  Gas  Producer  krom  the  Standpoint  of  the  Second 
Law  of  Thermodynamics  {Die  V  or  gunge  im  Guagcncrator  auf  Gntnde  dcs 
zweiten  Hunptsat-cs  der  Thermodynaniilc,  Kurt  Neumann.  Zcits.  des 
Vcreines  dfiitscher  Ingenieure,  vol.  57,  no.  8  and  9,  pp.  291  and  338,  Feb- 
ruary 22  and  March  1,  1913.  12  pp.,  21  figs.  etA).  An  attempt  to  investi- 
gate the  processes  in  a  gas  producer  not  on  the  usual  principle  of  conserva- 
tion of  enei'gy,  but  in  accordance  with  the  second  law  of  thermodynamics, 
by  determining  the  direction  of  changes  in  a  system  subject  to  external 
influences.  The  author  claims  that  although  several  investigators  have 
established  the  fact  that  the  interaction  between  air  and  steam  on  one 
hand,  and  glowing  coal  on  the  other,    leads,  at  certain   temperatures,   to 
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chemical  equilibria,  it  is  still  au  open  question  how  near  an  approach  to 
these  equilibria  is  made  in  actual  practice,  and  what  are  the  most  favor- 
able conditions  leading  to  the  production  of  a  gas  of  given  composition. 
This  is  a  complicated  problem,  because  to  determine  gas  reactions  in  a 
heterogeneous  medium,  measurements  of  pressure  and  temperature,  as 
well  as  knowledge  of  the  components  of  the  gas  phase,  are  required ;  in 
addition,  the  functional  connection  between  the  gas  flow  and  time  necessi- 
tates making  these  determinations  in  various  layers  of  the  producer  and 
at  several  different  points  of  each  layer.  Only  the  main  deductions  of  the 
article  can  be  given  here.  The  author  found  that  inside  the  coal  column 
the  water  gas  reaction,  and  in  free  gas  space  the  carbon  monoxide-carbon 
dioxide  equilibrium  are  of  fundamental  importance.  In  the  fuel  bed  the 
gas  reactions  are  accelerated  by  the  glowing  coal,  providing  conditions  in 
which  the  state  of  mutual  equilibrium  between  the  gases  is  easily  estab- 
lished. In  the  free  gas  space  there  occurs  a  displacement  of  the  gas  phase 
until  the  velocity  of  reaction  is  reduced  to  such  an  extent  that  the  gas 
acquires  a  composition  corresponding  to  the  given  temperature.  The 
equilibria  limiting  the  chemical  reactions  in  the  gas  producer  are  functions 
not  only  of  pressures  and  temperatures,  as  would  appear  from  the  thermo- 
dynamic equations,  but  also,  and  to  an  essential  extent,  of  time  and  con- 
stitution of  the  surface  dividing  the  solid  from  the  gaseous  phase.  This 
explains  the  variations  in  the  composition  of  gas  even  in  producers  work- 
ing under  approximately  similar  conditions.  Since  in  practical  gas  pro- 
duction operation  the  value  of  all  the  factors  influencing  the  operation 
cannot  always  be  fully  determined,  it  hecomes  the  more  important  to  make 
a  correct  selection  of  at  least  those  which  can  be  so  determined,  and  it 
is  ti)  he  regretted  that  there  is  up  to  now  no  ^^imple  way  of  quantitatively 
regulating  the  composition  of  the  gas  in  accordance  with  the  amount  of 
steam  and  air  supplied.  The  loss  of  chemical  energy  in  the  final  gas  can 
be  reduced  by  raising  the  gas  velocity,  that  is,  by  a  greater  load  on  the 
producer;  this  method  is  however  only  partly  efficient,  since,  with  higher 
output,  the  temperatures  in  the  fuel  bed  rise,  and  with  them  the  velocity 
of  reaction  of  the  passage  of  gas  through  the  dividing  surface.  On  the 
other  hand,  by  an  application  of  a  constantly  cooled  pipe,  the  time  for 
cooling  the  gas  may  be  reduced  so  as  to  permit  a  practically  infinite  veloc- 
ity of  gas  flow,  and  reduce  the  loss  to  nearly  zero.  The  loss  can  only  be 
reduced,  however,  by  endothermal  reactions,  and  cannot  be  eliminated 
entirely. 

Hoisting  Apparatus 

EXPEKIMENTS  ON  THE  PoWER  CONSUMPTION   OF  HOISTING  APPARATUS    (  Vo- 

suche  iiher  den  Kraftverbratich  von  Fordermitteln,  G.  von  Hanffstengel. 
Zcits.  des  Vereincs  deutschcr  Ingenicurc,  vol.  57,  no.  12,  p.  445,  March  22, 
1913,  0  pp.,  29  figs.  eA).  Experiments  to  determine  the  power  consumption 
of  hoisting  machinery,  conditions  influencing  its  magnitude,  and  methods 
for  determining  it,  the  last  of  particular  importance,  in  the  author's  estima- 
tion, since  it  is  of  the  greatest  value  to  the  practical  engineer  to  be  shown 
by  what  conditions  the  power  consumption  of  hoisting  machinery  is  af- 
fected ;  how  to  approximately  determine  the  power  consumption  in  usual 
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cases,  and  how  to  go  about  obtaining  the  required  data  for  the  design  of 
the  more  or  less  usual  types.  The  several  types  and  elements  of  hoisting 
machinery  required  all  special  tests  to  determine  their  influence  on  the 
power  consumption ;  owing  to  lack  of  space,  only  the  main  data  of  this  in- 
teresting investigation  can  be  reproduced  here. 

Bending  resistance  of  belts  was  measured  for  low  velocities  by  placing 
the  belt  over  a  pulley  the  axis  of  which  was  free  to  roll  on  a  smooth  path ; 
at  both  ends  of  the  belt  weights  were  placed,  and  the  difference  in  the 
weights  which  started  the  motion  of  the  pulley  gave  the  bending  resistance 
of  the  belt.  A  different  arrangement,  involving  the  use  of  two  pulleys,  was 
employed  for  higher  speeds.  Fig.  6  A  shows  the  bending  resistance  of  a 
belt  100  mm  (3.9  in.)  wide,  for  three  balata  belts  B„  B^  and  B^,  5,  6  and 
9  mm  (0.196,  0.236  and  0.354  in.)  thick,  referred  to  specific  loads  in  kg/qcm. 
In  this  case,  as  with  nearly  all  other  materials,  the  cui'^'es  are  straight 
lines.  Fig.  6  B  shows  the  bending  resistance  as  a  function  of  the  speed,  for 
the  balata  belts  B,  and  B,  and  for  a  rubber  belt  G3,  5  mm  (0.196  in.),  and 
G7,  9.7  ram  (0.38  in.),  thick.  The  resistance  increases  rapidly  at  first,  then 
slowly,  and,  in  the  case  of  the  B^  belt,  decreases  somewhat  from  a  certain 
point.  That  the  resistance  is  slight  at  low  velocities  can  be  explained  by 
the  assumption  that  the  fibers  have  time  to  make  room  for  each  other,  while 
at  greater  speeds  the  belt  acts  as  a  homogeneous  body  and  has  to  be  bent 
like  a  unit  As  Fig.  6  C  shows,  with  the  increase  in  pulley  diameter,  the 
resistance  decreases  somewhat  more  rapidly  than  would  be  expected  from 
an  assumption  of  proportionality.  This  is  shown  in  Fig.  6  C  where  the 
dotted  lines  indicate  what  the  curve  of  bending  resistance  would  have  been 
under  the  law  that  resistance  is  inversely  proportional  to  the  diameter  of 
pulley.  The  author  shows  also  by  means  of  curves  the  influence  of  the 
method  of  splicing  belts  on  their  bending  resistance. 

Bending  resistance  of  chains.  Their  bending  resistance  i»ro])er,  produced 
by  the  friction  in  the  chain  joints  when  running  on  and  off  the  wheel,  is 
expressed  by  the  formula  : 

d 

where  Q  is  the  load  on  the  wheel,  or  the  sum  of  tlie  tensions  hi  the  chain. 
It  has  been  found  however  in  these  tests  that  fi  is  smaller  for  large  chains 
than  for  small  ones,  and  that  the  resistance  generally  uicreases  with  time 
of  operation. 

Scraper  tests.  A  sci-aper  trough,  Fig.  6  D,  of  the  American  type  was 
used,  4  m  (13.1  ft.)  long,  covered  with  sheet  iron  ou  the  inside.  A  carriage 
on  wheels  was  driven  over  the  trough,  while  a  shovel  ran  through  it.  The 
experimental  variables  were:  the  material  handled,  width  and  cross- 
section  of  trough,  shape  of  shovel,  velocity  of  its  displacement  and  degree 
of  filling  of  the  trough.  It  was  found  that  the  specific  resistance  referred 
to  1  kg  of  the  material  conveyed  depended  neither  on  the  velocity'  nor  de- 
gree of  filling,  but  was  materially  (up  to  10  per  cent  at  least)  affected  by 
the  shape  of  the  shovel  and  trough.  Inclining  the  shovel  in  the  dh-ection  of 
motion  made  the  resistance  about  7  per  cent  higher  than  when  the  shovel 
was  vertical ;  the  American  trough.  Fig.  6  D,  was  found  to  be  the  most 
efficient.    Tests  were  also  made  to  determine  the  output  of  a  scraping  trans- 
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porter.  The  material  conveyed,  in  this  case  coal  dust,  usually  takes  the 
form  shown  In  Fig.  6  E  in  front  of  the  shovel :  the  values  of  li  and  I  for 
different  values  of  h  have  been  determined,  and  together  with  calculated 
value.s  of  the  volume  of  heap  i  plotted  in  Fig.  6  F. 

I'ests  of  a  conveyor  icorm.  It  was  found  that  the  hardness  of  the  material 
handled  is  here  of  primary  importance,  due  evidently  to  the  fact  that  the 
conveyor  worm  has  either  to  push  the  stu^"  ahead,  or  break  it. 

The  author  lias  also  fully  investigated  the  extraction  resistance  in  bucket 
eloA'ators  and  the  action  of  this  type  of  apparatus,  not  reported  here  owing 
to  lack  of  space.  The  following  data  found  during  the  course  of  the  in- 
vestigation are  of  interest : 

Coefficient  of  resistance  of  iron  on  smooth  rail 0.10 

Coefficient  of  resistance  of  iron  on  greased  rail 0.12 

Rolling  friction /  =  0.024 

Breaking  strengths  of  chains  at  various  speeds  of  operation.  Fig.  6  G 
shows  how  long  a  Stotz  driving  chain  at  various  loads  lasted  until  ruptured, 
the  speed  being  3  m  (9.S  ft.)  per  sec,  the  diameter  of  the  wheel  500  mm 
(10.6  in.).     For  some  special  cases  the  author  gives,  in  percentages,  data 
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on  the  material  destroyed  by  handling  in  scraping  transporters,  bucket  and 
worm  conveyors.  Full  data  of  this  investigation  will  be  published  in  an 
early  issue  of  the  Mitteilungen  ilher  Forschungsarbciten  auf  dem  Gebiete 
dcs  Ingeniciiricesens. 

Machine  Shop 

Use  of  the  Oxy-IIydeogen  Flame  under  Water  (Vericendung  der  Was- 
serstoff-Sauerstofffiamme  iinter  Wasser,  Zeits  fiir  Dampflcessel  und  Masch- 
inenbetriel),  vol.  36,  no.  12,  p.  143,  March  21,  1913,  1  p.,  2  figs.  d).  Descrip- 
tion of  an  appai'atus  for  cutting  and  welding  metals  under  water.  The 
flame  is  maintained  under  water  by  means  of  compressed  air  and  a  bell- 
shaped  hollow  extension  screwed  on  to  the  usual  oxy-hydrogen  burner.  No 
details  of  construction  are  given,  but  it  is  claimed  that  the  working  of  the 
apparatus  is  fully  .satisfactory. 

Mechanics 

Automatic  Balancers  {Equilihreues  automatiqucs,  Mauince  Leblauc,  La 
Lumiere  ^lectrique,  ser.  2,  vol.  21,  no.  2,  p.  3.5,  January  11,  1913,  9  pp.,  11 
fig.  d.  Abstract  of  the  second  part  of  the  article ;  for  abstract  of  the  first 
part  see  The  Journal,  March  1913,  p.  533,  particularly  last  paragraph  on 
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p.  537).  The  author  proves  that  possible  jumps  of  a  poorly  balanced  rotor 
may  be  couuteracted  by  adding  to  it  a  perfectly  balanced  flywheel  of  suf- 
licieut  mass.  But  with  high-speed  machinery  it  would  be  dangerous  to 
make  the  flywheel  of  very  large  mass,  running  at  very  high  peripheral 
speed. 

Another  solution  has  therefore  to  be  looked  for.  Assuming  that  there  is 
a  flywheel,  let  it  consist  of  a  flomogeneous  disc  limited  by  a  cylinder  of 
revolution  about  the  axis  xy  of  radius  It  on  one  hand  and  by  two  planes 
normal  to  this  axis  and  at  a  distance  L  from  each  other  (Fig.  7  A).  As- 
sume now  a  cylinder  of  revolution  about  the  axis  00'  through  the  interior 
of  the  flywheel  and  tangent  to  it  at  one  of  its  edges.  This  cylinder  and 
the  flywheel  have  a  solid  body  common  to  both  and  represented  in  section 
by  the  rectangle  ABCD.  This  common  solid  has  its  center  of  gravity  on 
the  axis  00',  and  is  consequently  perfectly  balanced  about  its  axis  of 
rotation ;  it  can  therefore  be  taken  out  without  affecting  the  force  F  tend- 
ing to  reduce  the  distance  between  the  axes  jy  and  00',  and  at  the  same 
time  with  materially  decreasing  the  straightening-out  couple  $X.  If  only 
the  first  of  these  two  effects  is  demanded  from  the  flywheel,  it  can  be  hol- 
lowed out,  leaving  only  the  rim,  or  that  portion  the  section  of  which  is 
shown  in  cross-section  in  Fig.  7  A.  The  remaining  mass  n  is  small  in  com- 
parison with  the  mass  M  since  the  eccentricity  e  and  angle  a  are  always 
small  in  practice ;  it  is  the  additional  balancing  mass.  In  order  that  it 
may  produce  the  desired  effect  it  must  be  distributed  along  the  interior 
surface  of  the  flywheel  in  a  certain  definite  manner ;  on  the  inside  it  is 
limited  by  the  surface  of  the  level,  and  had  it  been  a  liquid  inside  of  a 
hollow  solid  rotating  about  the  axis  of  the  figure  xy,  it  would  have  become 
distributed  of  itself  in  the  required  manner  under  the  action  of  the  inertia 
forces  developed  by  its  rotation.  The  next  step  is  to  make  it  a  hollow  solid 
filled  with  mercury.  On  a  shaft  with  axis  of  the  figure  xy  (Fig,  7  B)  is 
placed  a  small  flywheel  F  provided  with  a  shrunk  ring  H  with  a  circular 
passage  inside.  Enough  mercury  to  cover  the  exterior  surface  of  the  ring 
during  its  rotation  about  an  axis  other  than  the  axis  xy,  but  not  enough 
to  flll  the  passage  up  completely,  is  introduced  into  the  passage  through 
holes  which  are  subsequently  securely  filled  up.  The  height  of  the  passage 
must  be  such  that  the  mercury  can  never  come  in  contact  with  the  inner 
cylindrical  surface  of  the  ring  during  a  displacement  of  the  real  axis  of 
rotation.  This  represents  an  automatic  balancer  where  the  mercury  acts 
as  a  supplementary  movahlc  halancing  mass;  mercury  is  used  because  with 
a  small  volume  its  mass  may  be  made  very  large.  Let  R  be  the  radius  of 
the  cylinder  representing  the  exterior  limit  of  the  passage  II ;  L  distance 
between  its  limiting  planes  normal  to  the  axis  xy ;  S  density  of  mercury; 
g  acceleration  due  to  gravity.  The  shaft  carrying  the  balancer  is  free  to 
select  its  own  axis  of  rotation,  and  if  it  happens  to  rotate  about  an  axis 
passing  at  a  distance  e  from  its  axis  of  figure,  the  forces  acting  on  the 
little  mass  of  mercury  have  the  same  resultant  as  if  they  were  acting  on 
a  disc  full  of  mercury  of  radius  R  and  width  L.  The  balancer  exerts  there- 
fore a  force  F  tending  to  bring  together  the  axes  of  the  figure  and  that  of 
rotation,  and  having  for  its  expression 
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Rut,  while  the  luUautrr  is  iible  to  produce  a  very  large  force  F,  its 
straighteuing-oiit  couple  is  comparatively  small,  and  therefore  instead  of 
employing  separately  a  force  F  and  a  straighteuing-out  couple  for  bringing 
together  the  axis  of  the  figure  xy  and  the  real  axis  of  rotation  of  the  rotor 
00',  two  distinct  forces  F  may  be  applied  at  the  extremities  of  the  axis  of 
the  figure  xy,  as  shown,  e.  g.,  in  Fig.  7  C.  The  author  proceeds  to  show 
that  the  mass  of  mercury  which  has  to  be  used  is  double  that  of  a  supple- 
uientary  mass  of  a  solid  required  to  produce  the  same  balancing,  which  is 
certainly  very  little,  considering  that  the  supplementary  masses  required 
are  always  small  as  compared  with  the  masses  of  the  apparatus  to  be  bal- 
anced. 

The  author  proceeds  to  analyze  the  case  of  a  rotor  which  is  not  perfectly 
free  to  select  its  own  axis  of  rotation,  as  Is  most  often  the  case.  In  this 
case  two  groups  of  forces  will  act  on  the  axis  of  the  figure  of  the  rotor : 
(a)  forces  limiting  the  displacement  of  this  axis  and  tending  to  make  it 
coincide  with  the  axis  of  the  figure  of  the  stator  inside  of  which  the  rotor 
revolves,  and  {h)  dampening  forces  constantly  opposing  the  displacement 
of  points  on  the  axis  of  the  figure  of  the  rotor  to  which  they  are  applied, 
their  direction  being  that  of  the  velocity  of  the  respective  points,  but  the 
sense  opposite.  The  author  shows  further  that  the  elastic  forces  tending  to 
make  the  axis  of  the  figure  of  the  rotor  coincide  with  that  of  the  stator 
will  act  in  the  same  manner  as  the  balancers ;  the  dampening  forces  will 
tend  to  diminish  the  amplitude  of  the  jumps  of  the  rotor,  and  the  distance 
e  will  attain  its  maximum  when  the  dampening  forces  become  equal  to 
zero.  The  action  of  the  exterior  forces  will  therefore  tend  to  l)ring  the 
axis  of  the  figure  of  the  rotor  as  near  that  of  the  stator  as  possible,  or  in 
other  words,  make  the  running  as  smooth  as  possible,  but  since  these  ex- 
terior forces,  with  the  exception  of  the  dampening  forces,  have  their  point 
of  support  on  the  brasses  of  the  shaft,  there  is  no  advantage  to  be  gained 
from  making  them  artificially  large. 

Practical  details  of  construction  of  automatic  balancers.  To  reduce  the 
amplitude  of  vibrations  of  the  shaft  of  a  rotor,  the  mass  of  mercury  in  the 
balancers  must  be  spread  on  as  large  an  area  as  possible,  this  being  done 
by  increasing  the  width  L  of  the  balancer  passages   (cp.  Fig.  7  A).     Since 

5  ^ 

m  =  2-KR—Le: 

g 

and  since  further  m  and  R  are  given,  the  product  Le  is  constant,  and 
e  cannot  be  reduced  without  increasing  L.  A  large  area  of  passages,  how- 
ever, may  be  more  conveniently  obtained  by  superimposing  a  number  of 
passages  over  each  other  as  shown  in  Fig.  7  D,  which  permits  making  the 
balancer  very  powerful  with  slight  volume  and  weight.     This  apparatus, 

o 
scale  _,  if  made  of  nickel  steel,  can  run  at  500  r.p.s.     It  must  be  remem- 

9 
bered,  however,  that  should  the  shaft  get  out  of  the  axial  position  by  1  mm 
(0.039  in.)  the  push  of  the  balancer  to  bring  it  back  would  be  equal,  as 
the  author  shows,  to  3820  kg  (8400  lb.),  and  with  a  greater  deviation  from 
the  axial  position,  a  correspondingly  more  powerful  action.  Should  an  ac- 
cident happen,  such  as  a  rupture  of  a  blade  of  a  compressor,  causing  a 
large  displacement  of  the  shaft  from  the  axial  position,  the  reaction  of  the 
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balancer  would  be  large  enough  to  break  the  shaft.  The  only  way  to  obvi- 
ate that  is  to  limit  the  action  of  the  balancer  apparatus  to  counteracting 
only  a  certain  amount  of  shaft  deviation,  and  this  can  be  accomplished  by 
giving  to  the  tore  with  mercury  a  height  e  corresponding  to  the  maximum 
deviation  of  the  shaft  when  under  normal  conditions.  However,  e  cannot 
be  made  too  small  or  the  annular  layer  of  mercury  would  become  too  thin 
and  surface  tension  phenomena  too  important,  since  the  mercury  would  col- 
lect into  drops  and  not  spread  uniformly  as  it  should  to  bring  it  into  per- 
fect balance. 

In  the  case  of  turbines  with  one  wheel  it  is  advisable  to  place  the  bal- 
ancers near  the  rotor  wheel,  and  not  at  the  extremities  of  the  shaft,  which 
permits  of  counteracting  the  possible  oscillatory  movements  at  their  very 
rise,  and  enables  the  speed  of  the  blade  wheel  to  be  increased  still  fur- 
ther. The  author  discusses  further  the  stability  of  the  system  of  his  bal- 
ancer and  the  dampening  of  the  oscillatory  movements  of  the  mercury 
mass,  and  proves  among  other  things  that  in  his  experimental  apparatus 
(cp.  Fig.  7  D)  which  run  at  500  r.p.s.,  the  centrifugal  force  developed  by 
the  mercury  mass  was  roughly  equal  to  34,000  times  its  weight. 


TABLE  1     STRESS  RATIOS  IN  BELTS 


Mark 

Stress 

Ratio  e 

Kind  of  Belt 

At  Standstill 

When  Running 

Link  belt 

FG  3 
FG  4 
LR  2 
LR   16 
LR  10 
KR  5 

1.8 
1.8 
1.5 
2.5 
1.2 
2.0 

2  to  5 

Link  belt 

2  to  4 

Greased  leather 

Leather  with  grease  removed 

Double  belt 

3  to  4 
2.3  to  2.4 
3  to  6 

Camel  hair 

3  5  to  4  5 

Geometrical  Method  Permitting  the  Establishment  in  a  Simple  Man- 
ner ov  Several  Important  Equations  of  Mechanics  {M6thode  g^omc- 
triqiie  permcttant  d'^tahlir  simplemcnt  plusieurs  equations  importantes  dc 
mecanique,  G.  Clauzel.  Revue  de  m6canique,  vol.  32,  no.  2,  p.  142,  Febru- 
ary 28,  1913,  27  pp.,  16  figs,  m) .  A  strictly  mathematical  investigation, 
not  suitable  for  abstracting  in  full.  By  investigating  the  properties  of  the 
axis  of  two  vectors  the  author  derives  what  he  calls  the  fundamental  equa- 
tion of  the  projections  of  the  vectors,  and  i)roves  that  by  permutation  of 
the  indexes  of  the  terms  of  these  equations,  the  three  equations  for  all 
three  axes  in  space  may  be  derived.  These  results  are  then  genei'alized, 
and  their  application  shown  to  such  problem  as  the  derivation  of  the  mo- 
ment of  a  vector;  of  the  equations  of  the  motion  of  a  solid  rotating  around 
a  fixed  axis  or  a  fixed  point;  the  position  of  the  central  axis  and  the  instan- 
taneous sliding  axis.  The  author  uses  the  ordinary  vectorial  notation  (not 
quaternions),  and  comparatively  simple  methods. 

Experiments  with  Belts  of  Special  Kind  {Vcrsuchc  in  if  Rirnicn  hc- 
sonderer  Art,  Kammerer.     MittciJungen  iiher  ForscJiungsarhcitcn  auf  dent 
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Gcbiete  dcs  riKjeiiicunce.scits,  no.  Jo2,  11)13,  73  pp.,  98  figs.  eA).  Partly 
abstracted  from  a  preliminary  publication  in  The  Journal,  May  1912,  p.  798. 
The  author  established  in  all  cases  of  belt  operation  an  excess  of  axial 
pressure,  i.  e.,  the  axial  pressure  per  unit  (1  cm.)  width  of  belt  2/fa  was  al- 
ways larger  than  would  be  expected  from  the  axial  pressure  2hv  measured 
with  the  belt  stationary.  As  seen  in  Fig.  8,  in  all  cases  the  excess  of  pres- 
sure rises  with  the  speed  of  the  belt,  nearly  always  in  the  same  ratio,  and 
only  in  the  leather  belts  LR  11  and  14  the  excess  of  pressure  rises  more 
lapidly  than  the  speed.  In  the  double  belts  LR  11,  12,  14  the  excess  of 
pressure,  in  kg  per  1  cm  width  of  belt,  proved  to  be  nearly  double  that  of 
simple  belts  LR  1.5-4.5  and  16.  In  the  case  of  woven  belts  KRf),  and  65, 
BaR  67  and  BIR  66  the  excess  of  pressure  proved  to  be  variable,  especially 
in  the  case  of  the  camel-hair  belts  KR.5  and  65.  The  maximum  excess  pres- 
sure was  found  with  the  link  belts  FG3  and  4. 
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FiQ.  S     Excess  of  Pressure  and  Pressure  Ratio  Curves  for  Belts 


The  pressure  ratio  of  operation  e,  or  ratio  between  the  stress  at  the  tight 
and  that  at  the  loose  side  of  belt,  was  found  in  nearly  all  cases  (exception 
LR16)  to  be  larger  than  the  pressure  ratio  «  in  friction  test,  the  two  ratios 
varying  somewhat  in  different  kinds  of  belts  as  shown  by  Table  1.  Aver- 
age values  of  e  are  plotted  in  Fig.  8,  which  show  that  where  the  excess 
of  pressure  is  high,  the  pressure  ratio  value  is  also  high ;  this  points  to  a 
in-obability  of  there  being  some  connection  between  the  two.  The  author 
discusses  also  the  relation  between  permissible  useful  stresses  and  maxi- 
mum useful  stresses. 

Investigation  of  the  Dynamics  of  a  Thread  (L.  Roy,  Annalcs  de  VEcole 
Normale,  Ser.  3,  vol.  29,  pp.  371  to  429,  through  Beiblatter  zu  den  Annalen 
der  Physilc,  vol.  37,  no.  5,  p.  332.  t).  The  author  applied  to  the  investiga- 
tion of  dynamic  phenomena  of  threads  the  hydrodynamic  theory  of  dis- 
continuities, particularly  discontinuities  of  the  first  order,  and  has  thereby 
obtained  general  expressions  for  the  propagation  of  longitudinal  and  trans- 
versal shocks  in  vibrating  strings,  as  well  as  treated  the  problem  of  an 
oscillating  string  with  the  inclusion  of  the  consideration  of  its  viscosity. 
In  the  first  chapter  the  general  equations  of  the  motion  of  strings  are 
established,  and  conceptions  analogous  to  those  applied  in  hydrodynamics 
defined  and  expressed  analytically  in  equations.     Equations  of  continuity. 
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of  motion  and  leniiieralure  are  liilly  ,^'ono  into.  In  the  second  chapter  dis- 
continuities are  considered  kineniatically,  both  those  of  the  first  and  of 
the  higher  orders,  as  well  as  their  velocity  of  jtropagation,  discontinuity 
itself  being  understood  in  the  sense  given  to  it  by  Duhem  in  his  Recherches 
sur  rJii/drodyiiamiQuc,  1904.  The  next  two  chapters  are  devoted  to  a 
fuller  investigation  of  discontinuities  of  the  first  and  higher  orders,  while 
the  last  chapter  is  devoted  to  a  discussion  of  small  movements  in  threads, 
mflinly  near  the  region  of  stable  equilibrium.  It  appears  that  in  that  case 
the  equations  admit  of  only  one  solution.  Further,  the  case  of  a  thread 
is  considered  as  having  one  end  fixed  and  the  other  performing  a  definite 
motion,  and  a  particular  solution  was  found  for  this  case.  The  investiga- 
tion of  particular  cases  provides  a  means  for  experimental  determination 
of  the  coefficient  of  viscosity.  Cp.  article  by  the  same  author  in  Cowptes 
BcnduH,  vol.  152,  pp.  1128  and  1743. 

Steam  Engineering 

Investigation  or  a  Positive  Steam  Engine  Vaiae  Gear  with  Rfspect 
TO  Mass  Pressures  {Vntersuchung  ciner  zwangUiufiycn  Dampfmaschinen- 
fitenermifj  auf  Massendriicke,  O.  Kolsch.  Dinglers  polytechnisches  Journal, 
vol.  328,  nos.  5  to  9,  pp.  65,  88,  103,  118,  13G,  February  1  to  March  1,  1913. 
13  pp.,  11  figs.  e).  Investigation  of  the  slow-speed  positive  Frikart  valve 
gear.  It  was  found  by  graphodynamic  methods  that  the  journals  are  sub- 
jected only  to  slight  pressures.  The  magnitude  of  the  reaction  moments 
on  the  steering  shaft  have  been  determined,  both  absolutely  and  in  their 
functional  relation  to  the  time,  and  from  the  reaction  moments-time  curve 
it  is  shown  by  harmonic  analysis  that  resonance  can  occur  only  when  the 
natural  frequency  of  the  regulator  "  built  in  in  the  machine  "  is  equal  to 
the  speed  of  rotation  of  the  engine  or  a  product  of  it  by  an  integral. 

Mestre  System  Squirrel  Cage  Superheater  for  Tubular  Boilers  (Le 
surchaiiffeur  en  eage  d'ccureuil  sijsteme  Mestre,  pour  chaudieres  tuhulaires, 
P.  Lachasse.  Eei-iic  Iiidustrielle,  vol  44,  no.  9,  p.  113,  March  1,  1913.  2 
pp.,  18  figs.  d.).  Description  of  the  Mestre  squirrel  cage  superheater  as 
applied  to  locomotive  boilers. 

Permutit  Iron  Elimination  Plant  of  the  Wilhelmsburg  Water 
Works  {Die  Pennutit-EnteisenungsanJage  des  Wasserirerkes  WHliclms- 
bitrg,  Hencke.  Journal  fiir  GashelcucJitung,  vol.  56,  no.  10,  p.  234,  March 
8,  1913.  1.  p.,  1  fig.  d).  From  a  paper  read  at  the  14th  annual  meeting 
of  the  Gas  and  Water  Engineering  Society  of  Lower  Saxony  in  Rendsburg 
(1912),  containing  data  of  the  work  of  the  permutit  plant  during  one  year. 
The  water  flows  from  the  pumps  through  four  permutit  filters  connected 
in  parallel,  potassium  permanganate  solution  having  been  previously  added 
to  it.  The  filters  consist  of  cylindrical  vessels,  2  m  (6.56  ft.)  in  diameter, 
and  about  3.8  m  (say  12.5  ft.)  high;  the  water  flows  at  a  velocity  of  20  m 
(65  ft.)  per  hour  in  a  downward  direction.  Initially  the  water  had  a 
strong  smell  of  hydrogen  sulphide  and  a  content  of  0.56  mg  of  Fe.O.,  per 
liter.  The  addition  of  potassium  ])ermanganate  produced  an  evolution  of 
oxygen  which  converted  the  hydrogen  sulphide  into  suli)huric  acid,  and 
ferrous  oxide  into  ferric.     A  layer  of  marble  chips  takes  care  of  the  free 
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carbon  dioxide  present  in  tlie  water,  while  tlie  permutit  acts  in  the  first 
place  mechanically  as  a  filter  retaining  the  finely  divided  oxide  of  man- 
ganese and  ferric  oxid$,  and  in  the  second  place  chemically,  as  a  regulator 
of  the  supply  of  oxygen,  either  giving  or  taking  it  up  in  accordance  as  the 
potassium  permanganate  solution  is  either  too  strong  or  too  weak. 

In  the  quarter  from  July  1  to  September  30,  1912,  176,707  cbm  (0,237,500 
eu.  ft.)  of  water  have  been  pumped,  with  iron  content  as  above.  The 
water  finally  obtained  was  free  from  all  smells;  44  kg  (say  97  lb.)  of  per- 
manganate was  used,  costing  M..35.04  (say  $8.40).  The  permutit  Installa- 
tion itself  cost  M.31.000  (say  $7,440),  while  the  piping  involved  an  addi- 
tional outlay  of  M.4,500  ($1,080).  No  further  cost  data  are  given  in  the 
article. 

System  of  Piston  Construction  for  the  Prevention  of  Wearing  Out- 
oF-TRiTH   of   Horizontal   Steam    Piston   Cylinders    {Dispositifs   de  coiv- 


Q45  135 

OM  130 

0.43  125 

0.42  120 

0.41  115 

0.40  no 

a39  105 

a38  100 

Q37  95 

0.36  90 


^~- ?_ 


0  5  10  15  20  25 

Per  Cent  m 

Fig.  9     Air  Leak  in  Economizers 


stniction  deti  pistons  destines  a  pr6venir  I'oraUsation  des  cylindres  d  vupcw 
horizontaux,  O.-H.  Wildt.  Revue  de  tnecanique,  vol.  32,  no.  2,  p.  169,  Feb- 
ruary 28,  1913.  7  pp.,  8  figs.  dp.).  General  description  of  the  methods 
used  for  protecting  the  cylinders  of  horizontal  engines  from  wearing  out- 
of-true  owing  to  the  action  of  the  piston.  Leflaive  &  Co.,  of  St.  Etienne, 
France,  have  in  their  steam  engines  steel  piston  with  a  cast-iron  belt  in 
the  lower  part ;  the  weight  of  the  piston  rests  on  this  belt  w^iich  also 
constitutes  its  wearing  face,  the  advantage  of  this  construction  being  in 
avoiding  the  rapid  wear  of  the  cylinder  by  friction  of  steel  on  cast  iron. 

On  the  Influence  Exercised  by  Cold  Air  Leaks  on  the  Efficiency  of 
Economizers  {SulVinfluenza  che  le  chiamale  d'aria  fredda  esercilano  sul  rendi- 
menlo  degli  economizzatori,  G.  Ghersina.  Ulnduslria,  vol.  27,  no.  12,  p.  179, 
March  23,  1913,  2  pp.,  1  fig.  ei).  Investigation  on  the  influence  of  air  leaking, 
usually  in  considerable  quantities,  in  economizers  through  openings  in  tube 
scrapers,  cracks  in  walls,  and  in  particular  untight  connections  between  the 
walls  and  the  metaUic  parts  of  the  economizer.  Since  in  most  cases  the  flow 
of  the  two  fluids,  hot  gases  and  water,  is  at  right  angles  to  one  another,  the 
author  assumes  that  in  a  section  normal  to  the  velocity  of  the  flow  of  the  hot 
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gases,  their  temperature  is  equal  at  every  point,  while  the  temperature  of  the 
water  is  assumed  to  be  equal  to  the  arithmetic  average  between  those  of  entering 
and  leaving  water.  This  being  assumed,  let  Lo  be  the  length  of  the  economizer 
measured  positively  in  the  direction  of  the  velocity  of  the  hot  gases,  *S  area  of 
heat  transmission  per  meter  of  length  of  economizer,  A  weight  of  water  per  hour 
passing  through  the  same  unit  length  of  economizer  with  entering  temperature  h 
and  leaving  ti)  Go  is  the  weight  per  hour  of  the  hot  gases  (at  temperature  To  and 
specific  heat  at  constant  pressure  Co)  passing  from  the  furnace  to  the  economizer, 
while  Gi  is  the  weight  of  the  air  (temperature  Ti  and  specific  heat  Ci)  entering 
into  the  economizer  through  cracks  from  the  section  L=0  to  L=x.  In  this 
case  Gi  is  a  function  of  x  and  the  weight  of  the  gas  passing  through  section  L  =a:  is 

G  =  Go+G,{x), 
the  amount  of  losses  in  the  economizer  evidently  depending  on  the  form  of  the 
6'i(.c)  function,  since,  had  all  the  air  entered  at  x=0,  it  would  lower  the  tem- 
perature of  the  entire  mass  of  gases,  and  consequently  decrease  the  amount  of 
heat  transmitted  to  the  water;  should  it,  on  the  other  hand,  enter  at  the  other 
end,  at  x  =  Lo,  it  would  not  affect  the  efficiency  of  the  economizer  at  all,  though 

TABLE  2      AIR  LEAK  IN  ECONOMIZERS 


m 

0.00 

0.05 

0.10 

0.15 

0.20 

9o  (kg/hr) 

0 

229 

12520 

0 

129.0 

42.9 

106.0 

53.2 
241.7 
12836 

12.7 
126.4 

41.3 
104.2 

106.4 
254.4 
13153 

25.4 
123.8 

40.9 
103.8 

159.6 
267.0 
13469 

27.1 
121.2 

40.4 
103.3 

212.8 
279.7 

b 

13786 

P 

rg.2  (deg.  cent.) 

rj   per  cent 

tt  (deg.  cent.) 

50.7 
118.6 

39.5 
102.3 

it  might  produce  certain  disturbances  in  the  stack  action.  The  author,  how- 
ever, considers  only  the  case  of  air  leaking  in  uniformly  along  the  entire  length 
of  the  economizer,  so  that 


G',(x)  =  -Gi(Lo) 
Lo 


or,  with 


Gi(Lo) 
Lo 


■do 


G  =  Go+g.x 
where  go  is  the  weight  of  air  leaking  in  per  hour  per  meter  length  of  the  econ- 
omizer. He  denotes  by  C  the  heat  in  calories  lost  per  hour  per  meter  of  econ- 
omizer length  by  radiation  and  convection,  C  being  independent  of  x,  and  estab- 
lishes the  following  heat  balance  for  a  section  of  the  economizer  comprised 
between  two  planes  at  a  distance  dx  from  one  another.  This  heat  balance  is 
composed  of  the  following  heat  values:''  (a)  heat^carried  by  the  gaseous  flow: 
{GoCo+goCix)T;  (b)  heat  introduced  with  the  water  Ahdx;  (c)  heat  coming  from 
the  air:  QoCiTidx;  (d)  heat  carried  away  by  the  gaseous  flow:  [GoCo+goCi(x+dx)\ 
{T+dT);  (e)  heat  taken  up  from  the  water  Atidx;  (/)  heat  Cdx  lost  by  the  length 
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dx  of  the  economizer.    The  heat  balance  may  be  therefore  expressed  as  follows: 

(G'oCo+f/uCix)T+yyi(/a;+<7oCiTidx  =  [G'oCo+yoC.(x+f/x)]  {T-\-dT)-\rAl2dx+Cdx 

or,  after  certain  simplifications,  as 

-iG.Co+goC,x)dT  =  [A{k-li)+gr>Ci(T-Ti)^C]dx [1] 

A  second  equation  is  obtained  by  noting  that  through  the  area  Sdx  of  a  section 

of  the  economizer  of  length  dx  passes  an  amount  of  heat  A{ti—ti)dx,  given  an 

ti-\-ti 
average  difference  of  temperatures  of  the  two  fluids  r — -  •  With  fc  as  a 

coefficient  of  heat  transmission  that  leads  to  the  equation: 

J^Jl±h\sdx  =  A{t2-li)dx [2] 

which  after  certain  simplifications  and  substitutions  becomes 

IdjaT-h)  _ld{px+P)  .  ^^^ 

a     ar  —  b       p    px-\-P 

P  and  p  being  the  weights,  expressed  in  units  of  water,  of  the  quantities  Go  of 
hot  gases  and  ^o  of  air.  This  equation  integrated  between  the  limits  To  and  t 
and  the  corresponding  zero  values,  gives 

1          aT-h     1        px+P  r.. 

--log  7= -log  —~- [4] 

a        aTo  —  o     p  P 

which  solves  the  problem  in  permitting  r  to  be  determined  as  a  function  of  x 
and  known  quantities,  and  from  this,  by  means  of  equation  [2],  temperature  ^2 
of  leaving  water,  and  finally  efficiency  of  the  economizer.  If  it  be  further  as- 
sumed that  there  are  no  air  leaks,  or  that  ffo  =0,  equation  [3]  becomes  (integrated) : 

P        ar'—b  ,., 

—  log  r=  -x [oj 

a        aTo  —  o 

and  from  this  and  the  preceding  equation  the  difference  t'  —  t,  and  consequently 
heat  losses  due  to  air  leaks  may  be  determined. 

The  following  example  is  intended  to  show  the  use  of  these  equations.  A 
Green  economizer  has  224  tubes,  210  qm  (2260  sq.  ft.),  with  a  length  Lo  =  8.20  m 
(26.8  ft.),  thus  making  <S=25.5  mq.  The  total  weight  of  water  entering  the 
economizer  is  4669  kg  (10,272  lb.),  making  .4  =.569  kg  (1252  lb.),  entering  the 
economizer  with  a  temperature  of  60  deg.  cent.  (140  deg.  cent.).  The  weight  of 
the  hot  gases  entering  the  economizer  per  hour  is  Go  =  8730  kg  (19,206  lb.),  with 
a  temperature  234  deg.  cent.  (453.2  deg.  fahr.),  and  specific  heat  at  constant 
pressure  Co  =0.245.  It  is  assumed  further  that  the  economizer  loses  by  radia- 
tion per  hour  10,000  calories  (39,680  B.t.u.),  which  makes  C  =  1220  calories,  or 
4825  B.t.u.,  the  coefficient  of  heat  transmi.s.sion  is  assumed  to  be  A- =  11.0.  The 
temperature  of  outside  ah-  Ti  =25  deg.  cent.  (77  deg.  fahr.),  and  its  specific  heat 
ci  =0.238.     Then: 

0  =  229+0.238  ^oi  &  =  12520+5.95  go]  P=2140;  p  =  0.238  go- 
Equation  [5]  becomes 


2140      22gT'  -  12520 
22^    °         41066 

and  for  x  = 

0 

2             4                 6 

8 

8.2 

r' 

234 

200         172             149 

131 

129      deg.  cent, 

r'fahr 

453 

392         341.6         300.2 

267.8 

264.2  deg.  fahr, 
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The  quantity  of  heat  brought  by  the  gases  into  the  economizer  is  Qo  —  Pto, 
while  that  taken  out  is  Q'  =  PT's-i',  heat  losses  by  radiation,  etc.,  are  CLo-  Con- 
sequently, Qo  —  Q'—CLo  is  the  heat  passing  into  the  water  per  hour,  and  the 
efficiency  of  the  economizer  is  expressed  by 

Qo-Q'-CLo 


v  = 


Qo 


which,  in  no  air  leak  operation  is  equal  to  17'  =0.429.  Assume  now  that  there  are 
air  leaks  equal  respectively  to  5,  10,  15,  20  per  cent  of  Go,  the  weight  of  the  hot 
gases  entering  the  economizer.  Then  go=rn,  with  m=0.05,  0.10,  0.15,  0.20. 
Inserting  the  corresponding  values  of  go  into  the  respective  expressions  for  a, 
b  and  p,  and  calculating  only  values  of  r  for  x=Lo  (they  are  denoted  by  re. a) 
the  values  in  Table  2  are  obtained,  for  which  compare  also  Fig.  9. 

Oddie-Simplex  Steam-Aib  Pumps  {Oddie-Simplex  Dampf-Luftpumpc, 
Prg.  Zeits.  des  Vereines  deutscher  Ingenieure,  vol.  57,  no.  11,  p.  434,  March 
15,  1913,  2  pp.,  8  figs.  d).  Description  of  a  new  air  pump,  built  by  Masch- 
ineufabrik  Oddesse  in  Oschersleben,  Germany.  In  addition  to  the  usual 
bottom  valve  a,  piston  valve  b  and  cover  valve  c  (Fig.  10  A)  it  is  provided 
w-ith  one  or  two  supplementary  suction  valves  d  not  balanced  by  springs, 
and  therefore  opening  at  very  slight  pressures,  while  the  piston  valve  6  Is 
set  to  open  only  at  0.3  atmospheres  pressure.  Through  the  suction  open- 
ing e  steam,  air,  and  water  are  admitted  to  the  space  under  the  piston,  but 
only  steam  and  air  to  that  above  the  piston,  so  that  the  pump  works  as  a 
combined  dry  and  wet  pump,  the  amount  of  air  and  steam  admitted  above 
the  piston  being  the  greater  the  later  the  piston  valve  b  opens,  or  the 
lower  the  condenser  pressure.  In  consequence,  while  in  ordinary  single- 
acting  three-valve  pumps  the  amount  of  steam  and  air  handled  decreases 
with  improvement  in  vacuum,  this  is  nearly  entirely  eliminated  here  by  the 
second  suction  stroke  on  the  upper  side  of  the  piston ;  the  gain  in  active 
space,  as  compared  with  the  single-acting  air  pump,  may  rise  as  high  as 
70  per  cent,  with  a  corresponding  reduction  in  power  consumption  and 
space  required  for  the  same  amount  of  work  done. 

Fig.  B  to  F  show^s  the  general  arrangement  and  details  of  the  Simplex 
valve  gear,  with  its  main  valve  /  displaced  longitudinally  by  the  steam 
pressure,  and  rotated  about  its  longitudinal  axis  from  the  piston  rod  by 
the  rod  g.  Over  the  ends  of  the  slide  valve  are  set  caps  i  of  which  the 
slots  k  can  be  brought  from  outside  against  the  slot  I  in  the  valve,  and 
which  is  elastically  connected  with  the  valve-gear  rod  m,  making  the  slide 
valve  /  lie  in  good  contact  with  the  glide  face.  The  live  steam  enters  the 
chambers  n  of  the  slide  valve  through  the  slots  k  and  I  by  way  of  the  throt- 
tling valve  o,  with  considerably  reduced  pressure,  because  on  its  downward 
stroke  the  piston  has  to  do  less  work  than  on  the  upward  stroke.  The 
valve  is  opened  wide  before  the  pump  is  started  because  the  pump  is  full 
of  w'ater,  but  is  gradually  closed  as  the  vacuum  in  the  condenser  rises  until 
the  pump  works  with  equal  speed  on  the  upward  and  downward  strokes 
of  the  piston.  The  slide-valve  caps  i  are  surrounded  by  steam  all  the 
time,  and  therefore  cannot  jam  the  slide-valve  through  unequal  expansion. 

In  the  position  of  the  valve  f  shown  in  Fig.  B,  throttled  live  steam  enters 
into  the  left  slide-valve  chamber  n,  and  from  there  through  the  left  pas- 
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sage  p  (Fig.  F)  to  the  upper  side  of  tlie  steam  piston  q  (Fig.  A),  tlie  ex- 
Iiaiist  ;•  for  tlie  lower  side  being  opened  simultaneously.  In  addition 
througli  one  of  the  small  slots  s  (in  this  ease  the  lower  slot  in  Fig.  F) 
and  the  duct  corresponding  to  it,  steam  flows  between  the  left  outside  sur- 
face of  the  slide-valve  and  the  cap  i.  thus  holding  the  slide-valve  in  its 
final  position  on  the  right.  When  the  piston  moves,  the  slide-valve  is  so 
rotated  that  the  admission  of  steam  is  cut  off  at  about  C5  per  cent  of  the 
stroke,  and  the  piston  completes  its  stroke  under  the  action  of  the  expand- 
ing steam.     At  the  last  moment  of  the  stroke  the  valve  is  displaced  back 


Fig.   10     Oddie-Simplex  Steam  Air  Pump  and  Simplex  Valve-Gear 


In  the  longitudinal  direction  through  the  lower  slot  a  coming  in  connection 
with  the  exhaust,  and  the  upper  with  the  live  steam,  which  is  thereby  ad- 
mitted between  the  valve  and  cap  on  the  right  side.  Now  live  steam  is  ad- 
mitted under  the  piston,  and  drives  it  upwards,  the  reverse  motion  occur- 
ring without  shock  because  by  this  time  the  velocity  of  the  piston  is  already 
considerably  reduced  by  the  expansion  of  the  steam  and  the  work  done  by 
the  pump  piston.  As  a  rule,  throttled  steam,  and  not  live,  is  used  for  the 
sake  of  economy  in  valve  gears,  throttled  steam  being  admitted  to  the  space 
above  the  slide-valve  through  s.  Fig.  F. 
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Strength  of  Materials  and   Materials  of   Construction 

Waterproof  and  Airtight  Fabrics  {Lcs  tis.sn.s  iinpcniicahlcs,  D.  de  Prat. 
Le  G6nie  Civil,  vol.  G2,  nos.  20  aud  21,  pp.  384  and  412,  March  15  and  22, 
1913,  6%  pp.,  11  figs.  dg).  A  somewhat  general  description  of  various 
processes  used  for  making  vi^aterproof  aud  airtight  cloth,  apparatus  used 
In  these  processes  and,  briefly,  methods  of  testing  permeability  of  cloth  to 
water  and  air.  Data  are  given  on  the  cloths  used  for  the  principal  types 
of  European  dirigible  airships. 


Mirror-- 


*1?0  +80  +40  0  -40  -80         -120  mm 

Fig.   11     Stresses  due  to  Bending  in  Lap  Rfvetbd  Boiler  Seams 


On  the  Influence  of  Cold- Working  and  Annealing  on  the  Properties 
OF  Iron  and  Steel  {Uher  den  Einfluss  der  mccanisvhen  Formgehung  aitf 
(lie  Eigenschaften  von  Eisen  und  StaJil,  P.  Goerens.  Stahl  und  Eiscn,  vol. 
33,  no.  11,  p.  438,  March  13,  1913,  7  pp.,  12  figs.  ct).  Alistract  of  the  first 
part  of  the  author's  article  printed  under  the  above  title  in  the  Carnegie 
Scholarship  Memoirs  of  the  Iron  and  Steel  Institute,  no.  3,  1911. 

Corrosion  and  Rusting  Tests  of  Sherardized  Wrought  Iron  (Korro- 
sions  und  Rostungsversuche  an  sJierardisiertem  Schmiedeeisen,  Pr.  Halla. 
Zeits.  fiir  Elektrochemie,  vol.  19,  no.  5,  p.  221,  March  1,  1913,  5  pp.,  7  figs, 
c).  Description  and  data  of  tests  of  properties  of  sherardized  wrought 
iron  made  at  the  laboratory  of  the  Royal  Bureau  for  the  Promotion  of  In- 
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dustry.  The  relation  between  the  thickmss  of  the  layer  of  zinc  and  con- 
ditions of  test  in  the  case  of  wrought  iron  was  investigated,  as  well  as 
the  speed  of  corrosion,  the  latter  being  expressed  in  curves.  As  to  phe- 
nomena of  rusting,  it  was  found  that  with  samples  of  sherardized  wrought 
iron  placed  in  water,  white  flocks  of  zinc  hydroxide  formed  after  one  day, 
which  very  soon  began  to  assume  a  yellowish  color,  thus  showing  the  be- 
ginning of  the  process  of  iron  rusting.  Deep  rusting  took  place,  however, 
only  where  the  layer  of  zinc  was  particularly  thin,  or  when  two  iron  pieces 
came  in  contact,  so  that,  on  the  whole,  sharardization  seems  to  protect 
the  iron  from  rusting. 

Stresses  Due  to  Bending  in  Lap  Riveted  Boiler  Seams  (Die  Biegungs- 
spannungen  in  iiherlappten  Kesselnintndhten,  E.  Daiber.  Zeits.  des  Vcr- 
cines  deutscher  Ingenieure,  vol.  57,  no.  11,  p.  401,  March  15,  1913,  6  pp.,  10 
tigs.  e).  Data  of  tests  of  stresses  due  to  bending  in  lap-riveted  boiler 
seams,  and  discussion  of  a  method  for  the  determination  of  these  stresses, 
as  well  as  of  the  main  factors  determining  their  magnitude.  The  tests 
were  made  on  eight  boilers.  The  stresses  investigated  were  determined  by 
finding  the  angle  variation  <p  of  the  boiler  shell  when  the  boiler  was  sub- 
jected to  pressure. 

To  do  this,  little  mirrors  were  placed  at  different  points  on  the  circum- 
ference of  the  boiler  (Fig.  11  A)  and  the  variation  of  their  position  deter- 
mined in  the  usual  manner  by  a  telescope  and  scale.  The  mirrors  were 
attached  to  a  boiler  shell  by  wax,  which  proved  to  be  the  best  material 
to  be  used  for  this  purpose,  and  for  purposes  of  measurement  the  middle 
of  the  wax  piece,  5  to  6  mm  (0.19  to  0.23  in.)  wide  was  considered.  Cold 
pressure  produced  by  an  ordinary  hand  pump  was  applied,  in  one  case 
three  pressure  stages  2  to  6,  6  to  10,  and  10  to  14,  atmospheres,  but  as  it 
was  found  that  the  angular  variation  of  the  mirror  was  proportional  to 
the  pressure,  the  other  tests  were  carried  out  with  one  pressure  only,  at 
least  as  high  as  the  working  pressure  for  the  given  boiler.  No  residual 
angular  variations  were  observed,  this  probably  being  due  to  the  fact  that 
the  boilers  had  previously  been  under  pressure. 

The  first  test  was  made  with  a  small  locomotive  boiler,  GOO  mm.  (2.3.6 
in.)  in  diameter,  with  walls  7.5  mm.  (0.3  in.)  thick,  and  a  single  riveted 
seam  about  1500  mm.  (say  GO  in.)  long.  The  angular  variations  were  de- 
termined between  the  initial  pressure  of  5.3  and  final  pressure  of  10.5  at- 
mospheres absolute.  The  following  dimensions  were  determined  (Fig.  A)  : 
li  =  G140  mm..  I,  —  220  mm. ;  hence  for  the  point  x  =  90  mm.  distant  from 
the  lap  edge :  1^  =  130  mm.  and  L  =  ?i  +  ?3  =  G279  mm.  For  the  same  point 
the  following  telescope  readings  have  been  made: 

At  initial  pressure  of  5.3  atmospheres A^  =  10.30 

With  pressure  raised  to  10.5  atmospheres A„  =  10.17 

With  pressure  reduced  to  5.3  atmospheres A3  =  10.30  =  Aj 

Showing  an  elastic  variation  corresponding  to  the  difference  of  read- 
ings A  A  =  A2  —  Ai  =  — 0.13.  The  unit  of  the  scale  used  was  5  cm.  long, 
and  the  angular  variation  was  therefore : 
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_  5AA     _    ^  \ 
■^^     2L       ~   0.4L  / 

or  numerically  ) [1] 

-0.13  0.52  i 
■^^  251  ~~1000  J 
The  angular  variations  <p  are  shown  in  Fig.  11  B  (numerical  values 
are  given  also  in  a  tftble  in  the  original)  as  ordinates,  with  x  (cp.  Fig. 
11  A)  as  abscissae,  and  a  smooth  curve  drawn  through  the  <p  points  show- 
ing the  bending  moments  at  each  point  of  the  boiler  shell.  From  the  dif- 
ferential equation  of  this  line, 

d^y    d,p    zMb  .-] 

dx'^     dx       0 
is  derived  the  expression  for  the  bending  moment 

e  d<p 

Mb=--^ [3] 

a  dx 

Where  a  is  the  coefficient  of  elongation  of  the  material,  and  G  the  moment 
of  inertia  of  the  boiler  shell  from  which  a  strip  1  cm  wide  is  cut  out ;  hence : 

-f2 '*> 

where  s  is  the  thickness  of  the  wall.  The  stresses  due  to  bending  in  the 
outside  fibers,  and  corresponding  to  a  given  moment,  are  therefore, 

■     s  Mb      s    d^  _, 

o-b=-~  ■ =  — ■  — LSj 

2     e      2a  dx 

It  appears  from  equations  [3]  and  [5]  that  both  the  bending  moments 
M^  and  the  maximum  stresses  due  to  bending  a^^t  any  point   {x,0)   are 

proportional  to  the  angle  Jt  of  the  tangent  at  {x  <p)   and  the  curve  of  an- 

dx 

gular  variations  ,p.     Information  as  to  the  magnitude  and  distribution  of 

stresses  due  to  bending  in  the  neighborhood  of  a   lap-riveted  joint  may 

therefore  be  obtained  graphically  by  drawing  at  various  points  tangents 

to  the  curve  of  angular  variations  ^ ,  determining  their  inclination  with 

due  regard  to  the  scale  used,  and  multiplying  the  figures  obtainetl  by  the 

s 

constant . .   This  method  gives  only  stresses  due  to  bending  when   tJie 

2a. 

pressure  is  varied  from  5.3  to  10.5  atmospheres  but  the  author  gives  a 
method  for  reducing  these  data  to  any  pressure  whatever.  He  shows  also 
that  the  shearing  sti-esses  occurring  in  these  cases  are  of  but  little  impor- 
tance in  the  total  stress  on  the  material.  With  regard  to  Fig.  11  B  atten- 
tion is  called  to  the  fact  that  the  curve  of  stresses  due  to  bending  a^  is 
drawn  on  that  side  of  the  figure  of  the  boiler  sheet  in  which  at  bending 
a  tensile  stress  was  produced. 

The  second  part  of  the  article,  an  analytical  method  for  the  calculation 
of  stresses  due  to  bending,  can  not  be  abstracted  here  owing  to  lack  of 
space. 


FOREIGN   REVIEW 


907 


Miscellanea 

The  Production  of  Moving  Tictukes  in  Factories  (Die  Herstellung 
kinrmatographischcr  Bihler  in  Fuhrikoh  G.  A.  Fritze.  Zcits.  des  Vereines 
deutscher  Ingenivure,  vol.  57,  no.  12,  p.  454,  March  22,  1913.  7  i>i).,  10  figs. 
d).  Moving  pictures  of  factorj'  processes  have,  in  addition  to  their  edu- 
cational value,  also  an  advertising  value,  and  act  as  silent  but  eloquent 
salesmen,  in  giving  outsiders  an  idea  of  the  size  and  capacity  of  the  plant 
represented.  The  pictures  should  be  taken  and  films  made  by  a  concern 
that  makes  a  business  of  it,  rather  than  by  home  means,  and  the  price 
for  a  250  m  (820  ft.)  film  need  not  exceed  M.IOOO  (say  $240).  The  author 
discusses  fully  the  best  system  of  lighting  for  making  such  photographs, 


Fig.   12     Fireproof  Storage  of  Drawings 


position  of  apparatus,  and  similar  phototechnical  details.  (The  method 
is  entirely  different  from  that  of  Thomas  A.  Edison  who  makes  his  films 
from  technical  processes  not  from  the  actual  shop  processes,  but  from  spe- 
cially prepared  models ;  e.g.,  the  Bessemer  converter  films  are  made  with 
a  glass  model  of  a  converter,  and  colored  ink  instead  of  molten  steel.) 

Melters'  Fever  {La  fievre  (/c«  fondcurs,  Bulletin  de  la  SociHd  d'Encour- 
agement  pour  I'Industrie  Nationale,  vol.  119,  no.  2,  p.  322,  February  1913. 
g).  Abstract  of  an  article  in  Annalcs  dliygiene,  January  1913,  pp.  82-93,  by 
L.  Bargeron.  After  investigating  a  large  number  of  cases  of  diseases  of 
metal  melters,  the  author  concludes  that  fumes  of  copiier  in  themselves 
are  practically  harmless,  and  that  what  is  known  as  melters'  fever  is  due 
to  fumes  of  oxide  of  zinc  exclusively.  These  fumes  produce  in  the  organ- 
ism a  kind  of  temporary  intoxication,  and  their  action  may  be  aggravated 
by  alcoholism  or  diseases  of  kidneys  or  liver.    The  disease  is  not  considered 
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to  have  usually  grave  consequences,  and  may  be  entirely  eliminated  by 
simple  hygienic  precautions,  of  which  the  best  is  good  ventilation. 

Pbogress  in  Wind  Motors  (Le  progr^s  des  moteurs  d  vent,  UElectricien, 
ser.  2,  vol.  45,  no.  1160,  p.  184,  March  22,  1913,  1  p.,  6  figs.  d).  A  brief  de- 
scription of  wind  motor  types,  including  that  of  the  Turnbull  aeromotor 
recently  shown  at  an  exhibition  in  Sydney,  Australia. 

Fireproof  storage  of  drawings  {Proc:6d6  de  pr6servation  des  jylana  et 
dessins  industriels  contre  Vincdndie,  B.  Beaussart.  Revue  industrielle,  vol. 
44,  no.  12,  p.  155,  March  22,  1913.  d).  Description  of  the  plan  of  storing 
drawings  adopted  by  Bollinckx.  In  this  concei'u  all  the  drawings  are  made 
on  tracing  cloth  from  which  blueprints  are  made  when  required.  The  trac- 
ing cloth  drawings  have  therefore  to  be  stored.  All  are  of  uniform  dimen-  • 
sions,  0.80  m  l)y  1.20  m  (say  31.4  in.  by  48  in.).  Each  drawing  is  put  into 
a  clay  tube  whicli  in  its  turn  is  placed  into  an  appropriate  opening  in  a 
concrete  wall  (Fig.  12).  Each  tube  is  slanted  towards  the  front,  so  that 
should  any  water  penetrate  into  it,  it  would  not  stay  there;  there  is  how- 
ever little  chance  of  that  because  each  tube  is  provided  with  a  stamped 
sheet-iron  cover  on  the  top.  In  the  ilustration  is  shown  a  ladder  for  reach- 
ing the  upper  layers  of  drawings.  This  system  proved  to  be  remarl<ably 
convenient ;  it  has  been  used  for  four  years,  and  the  drawings  keep  in  per- 
fect condition,  due  probably  to  the  constant  temperature  in  the  concrete 
structure. 

F.  W.  Taylor's  Principles  of  Scientific  Management  for  Concerns  of 
All  Kinds  (F.  W.  Taylor's  Orundsdtze  mcthodischer  Anleitung  bei  Arheits- 
vorydmjcn  jeder  Art,  F.  Neuhaus.  Zeits.  des  Vereines  deutscher  Ingcnieure, 
vol.  57,  no.  10,  p.  367,  March  8,  1913,  4  pp.  d).  With  the  growth  of  in- 
dustry in  Germany,  as  everywhere  else,  the  supply  of  labor  could  not  fol- 
low the  demand,  and  the  wages  rose  more  and  more.  This  naturally  led 
to  means  for  reducing  the  cost  of  production,  and  the  last  ten  or  fifteen 
years  have  witnessed  an  intense  activity  in  equipping  the  shops  with  labor- 
saving  devices,  aniomatic  machine nj,  etc.  But,  except  in  some  of  the  larg- 
est plants,  the  introduction  of  labor-saving  systems  of  management  have 
been  retarded  in  Germany  mainly  on  account  of  the  large  expense,  time  and 
attention  which  they  require  as  compared  with  the  introduction  of  auto- 
matic machinery  alone. 

The  rest  of  the  article  contains  an  exposition  of  the  Taylor  systeTU  of 
scientific  management  in  accordance  with  Mr.  Taylor's  own  writings.  As 
regards  German  conditions,  the  author  states  that  as  far  as  practical  appli- 
cation of  the  principles  of  scientific  management  is  concerned,  there  is  little 
new  in  it,  and  some  exceptionally  efficient  men,  particularly  in  the  large 
works,  have  used  it  more  or  less  for  years,  but  it  was  not  systematized 
and  done  on  a  definitely  accepted  plan,  so  that  often,  when  the  particular 
manager  left  the  works,  things  were  apt  to  drift  back  into  the  usual  routine. 
The  Taylor  system  does  not  by  any  means  eliminate  the  importance  of  the 
manager's  personality,  but  makes  possible  a  systematic  effort  towards  rais- 
ing the  efficiency  of  the  plant.  The  German  labor  papers  appear  to  have 
already  taken  a  stand  against  scientific  management.     Their  main  objec- 
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tions  are  that  it  makes  of  the  woikmnu  a  machine,  or,  as  one  paper  ex- 
pressed it,  a  "  beast  of  burden,"  to  wliich  the  author  replies  that  there  is 
really  more  monotony  in  the  usual  occupations  than  there  is  likely  to  be 
under  scientific  management,  with  the  additional  advantage  of  the  latter 
that  under  it  there  is  more  chance  for  the  workman  to  be  placed  at  a  con- 
genial knid  of  work  than  when  the  management  takes  no  systematic  in- 
terest in  what  each  man  is  doing.  The  second  objection  is  that  it  is  unjust 
not  to  give  the  laborer  the  full  benefit  of  his  increased  production.  The 
author's  arguments  are  that  hitherto  the  plant  and  tools  have  not  usually 
been  fully  utilized,  and  that  the  workman  is  not  required  under  the  new 
system  to  work  either  longer  or  with  more  effort,  but  simply  by  better  and 
more  productive  methods,  found  by  scientific  study  of  the  process ;  further, 
that  the  workman  himself  did  not  contribute  anything  to  this  increased 
production,  which  is  due  mainly  to  the  labor  and  expense  on  the  part  of 
the  management,  and  that  even  if  the  workman  does  not  get  an  increase  in 
wages  commensurate  with  the  increase  in  production,  the  nation  is  fully 
benefited  thereby. 


COMPOUND  UNITS 


Symbols        Continental  Units 

gr/cm 
kg/m 
kg/km 


kg/qcm 
kg/ha 
kg/Morgen 
t/m* 


gram  per  centimeter 
kilogram  per  meter 
kilogram  per  kilometer 

kilogram  per  square  centimeter 
Idlogram  per  hectar 
kilogram  per  Morgen 
metric  ton  per  square  meter 


American 
Equivalents 

0.0055  1b.  per  in. 
0.055  lb.  per  in. 
3.54  lb.  per  mile 


Logarithms  of 
Factors  of 
Equivalence 

3.74816 
2.74816 
0.54900 


14.22  1b.  per  sq.  in.  1.15300 

0.89  lb.  per  acre  1.94939 

3.49  1b.  per  acre  0.54282 
0 .  102  short  tons  per 

sq.ft.  T.  01033 


kg/m'  kilogram  per  cubic  meter 

kg/hi  kilogi'am  per  hectoliter 

t/m'  metric  ton  per  cubic  meter 

kg/h.p.  kilogram  per  Continental 

horsepower 
kg/t  kilogram  per  metric  ton 


0.062  1b.  per  cu.  ft.  2.79518 

0 .  083  lb.  per  gaUon  2 .  91907 

62.4  1b.  per  cu.  ft.  1.79518 

2.23  lb.  per  American 

h.p.  0.34830 

2  lb.  per  short  ton  0.30103 


kgm/kg  kilogram-meter  per  kilogram 

kgm/qcm       kilogram-meter  per  square 
centimeter 


3.28  ft  .-lb.  per  lb.  0.51587 

40.58  ft. -lb.  per  sq. 

in.  1.66819 


t/km  metric  ton  per  kilometer 

t-km  metric  ton-kilometer 


Costs 

Fr/m 
M/m 
Fr/t 


Franc  per  meter 
Mark  per  meter 
Franc  per  metric  ton 


1 .  77  short  tons  per  mile    0 .  24797 
0 .  6849  short  ton-miles       1 .  83562 


0 .  058  cents  per  f t .  2 .  76342 

0 .  072  cents  per  f t .  2 .  85733 

$0 .  175  per  short  ton  T .  24303 
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COMPOUND  UNITS- 


M/t 

Mark  per  metric  ton 

Fr/qm 

Franc  per  square  meter 

M/qm 

Mark  per  square  meter 

Fr/cbm 

Franc  per  cubic  meter 

M/cbm 

Mark  per  cubic  meter 

Fr/ha 

Franc  per  hectar 

M/Morgen 

Mark  per  Morgen 

Fr/h.p. 

Franc  per  Continental  horse 

power 

M/h.p. 

Mark  per  Continental  horse- 

power 

Fr/Cal 

Franc  per  calorie 

M/WE 

Mark  per  Warmeeinheit 

Fr/t-km 

Franc  per  ton-kilometer 

M/t-km         Mark  per  ton-kilometer 


Fr/kg 

M/kg 

Heat  Units 

Calorie 

C/kg 

WE/kg 

C/qm 

WE/qm 

C/cbm 

WE/cbm 


Franc  per  kilogram 
Mark  per  kilogram 


=  WE  (Warmeeinheit) 
Calorie  per  kilogram 
Warmeeinheit  per  kilogram 
Calorie  per  square  meter 


-Continued 

50.216  per  short  ton 
50.018  per  sq.  ft. 
50.022  per  sq.ft. 
50.0054  per  cu.  ft. 
50.0067  per  cu.  ft. 
50 .  078  per  acre 

50 .  36  per  acre 

50 .  195  per  American 
h.p. 

50.241  per  American 
h.p. 

50.048  per  B.t.u. 

50.060  per  B.t.u. 

50.281  per  short  ton- 
mile 

50 .  347  per  short  ton- 
mile 

W.087  per  lb. 

50.108  per  lb. 


3.968  B.t.u. 
1.80  B.t.u.  per  lb. 
1.80  B.t.u.  per  lb. 
0.368  B.t.u.  per  sq.ft. 


Warmeeinheit  per  square  meter  0.368  B.t.u.  per  sq.  ft. 
Calorie  per  cubic  meter  0. 112  B.t.u.  per  cu.  ft. 

Warmeeinheit  per  cubic  meter     0. 112  B.t.u.  per  cu.  ft. 


33445 
25527 
34242 
73239 
82607 
89209 


1 . 55630 
T. 29003 

1.38201 
2.68124 

2.77815 

1.44870 


54032 
93951 
03342 


0.59857 
0.25527 
0.25527 
1.56584 
1.56584 
1.04921 
1.04921 
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ST.  LOUIS  MEETING,  MARCH  19 

At  a  meeting  of  the  Associated  Engineering  Societies  of  St.  Louis,  in 
charge  of  the  local  committee  of  The  American  Society  of  Mechanical  Engi- 
neers, on  March  10,  Prof.  Wm.  Kent  gave  an  address  on  Engineering  and 
Common  Sense.  Over  100  engineers  were  in  attendance.  A  dinner  in  honor 
of  Professor  Kent  preceded  the  meeting. 

BOSTON  MEETING,  MARCH  25 

A  meeting  of  the  Society  was  held  in  Boston  on  Tuesday  evening,  March 
25,  Henry  Bartlett  of  the  local  committee  presiding.  The  principal  paper 
of  the  evening  was  by  Frank  AV.  Reynolds,  Mem.  Am.  Soc.  M.  E.,  on  the 
Modern  Cotton  Mill.  Mr.  Reynolds  discussed  the  general  conditions  con- 
trolling the  site  and  layout  of  a  standard  cotton  mill,  including  the  de- 
termination of  the  spaces  to  be  assigned  to  different  departments,  their 
relative  location,  the  handling  of  material  and  product,  distribution  of 
power,  illumination,  etc.,  and  the  types  of  building  best  adapted  to  hous- 
ing the  several  parts  of  the  plant,  together  with  the  principal  details  of 
their  construction.  He  presented  a  number  of  views  illustrating  these 
general  principles  as  well  as  details  of  special  interest. 

This  was  followed  by  a  brief  paper  on  Lighting  of  Mills,  by  Albert  L. 
Pearson,  Mem.  Am.  Soc.  M.  E.,  in  which  he  discussed  the  best  form  of 
distribution  of  artificial  illuminants,  pointing  out  the  special  conditions  to 
which  each  type  and  size  of  light  was  best  adapted. 

Fred  W.  Parks,  president  of  the  G.  M.  Parks  Company  of  Fitchburg, 
Mass.,  presented  a  short  paper  on  Air  Conditioning  for  Textile  Mills,  in 
which  he  quoted  the  results  of  extended  inquiries,  showing  tlie  practical 
value  of  a  proper  system  of  humidifiers,  and  also  giving  interesting  in- 
formation in  regard  to  heating  and  ventilation  as  applied  to  mills. 

These  papers  were  followed  'by  an  extended  discussion,  participated  in 
by  F.  W.Dean,  W.  G.  Bartlett,  A.  L.  Willistou.  E.  D.  Lyle,  R.  A.  Hale, 
F.  M.  Gunby,  and  others,  which  brought  out  much  further  information. 

PROVIDExNX'E  DINNER,  APRIL  10 

The  annual  meeting  and  dinner  of  the  Society  and  the  Providence  Asso- 
ciation of  Mechanical  Engineers  was  held  at  the  Crown  Hotel,  Providence, 
on  the  evening  of  April  10,  preceded  by  a  reception  in  the  parlors  of  the 
hotel.     About  100  members  and  guests  were  in  attendance. 

Prof.  T.  M.  Phetteplace.  :Mem.  Am.  Soc.  M.  E.,  president  of  the  Provi- 
dence Association,  gave  the  address  of  welcome  and  introduced  the  toast- 
naster,  William  H.  Paine.  Calvin  W.  Rice.  Secretary  of  the  Society,  spoke 
on  the  advantage  of  cooperation  among  engineers  and  what  is  being  done 
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to  promote  it  and  Prof.  W,  H.  Kenerson,  Mem.  Am.  Soc.  M.  E.,  spoke  on 
the  relations  of  the  two  organizations  represented.  Prof.  Charles  F.  Scott, 
Mem.  Am.  Soc.  M.  E.,  of  Yale  University  was  the  principal  speaker  of  the 
evening,  taking  as  his  topic  the  Future  of  the  Engineer.  Letters  of  regret 
were  received  from  Governor  Pothier,  Mayor  Gainer,  Professor  Goss  and 
Professor  Everett. 

NEW  YORK  MEETING,  APRIL  4 

An  exhibition  of  the  kinetophone  and  of  the  latest  improvements  in  the 
field  of  moving  pictures  and  sound  production  was  presented  on  April  4  in 
the  Engineering  Societies  Building,  New  York,  before  the  members  of  the 
three  founder  societies,  the  American  Institute  of  Mining  Engineers,  The 
American  Society  of  Mechanical  Engineers,  and  the  American  Institute  of 
Electrical  Engineers,  through  the  courtesy  of  Mr.  Thomas  A.  Edison,  Hon. 
Mem.  Am.  Soc.  M.  E.,  and  of  the  American  Talking  Moving  Picture  Com- 
pany. 

John  W.  Lieb,  Jr..  Mem.  Am.  Soc.  M.  E.,  presided  over  the  meeting  and 
the  necessary  explanations  of  the  apparatus  displayed  were  made  by  Miller 
Reese  Hutchinson,  Mem.  Am.  Soc.  M.  E.,  chief  engineer  of  the  Edison 
Laboratory. 

A  presentation  of  the  proposed  application  of  the  moving  picture  to  edu- 
cational systems  was  first  made,  showing  Mr,  Edison's  plan  of  revolutioniz- 
ing the  teaching  of  such  subjects  as  geography,  natural  science,  applied 
arts,  and  all  those  in  which  the  phenomena  or  objects  described  can  not 
be  shown  to  the  pupils.  Where  descriptions  or  illustrations  from  a  text 
book  are  now  necessary,  pictures  showing  the  object  itself  will  be  used, 
thus  appealing  to  the  child  through  the  most  responsive  faculty  of  youth, 
that  of  vision.  In  illustration  of  this,  there  were  shown  on  the  screen 
various  kinds  of  pumps,  the  action  of  a  magnet  and  an  electromagnet,  the 
mutual  arrangements  of  floating  magnets  in  a  supporting  but  non-magnetic 
medium,  the  formation  of  crystals,  and  certain  natural  history  phenomena, 
and  it  was  evident  that  these  pictures  contained  elements  of  interest  even 
to  those  fully  familiar  with  the  objects  presented,  Avho  had  probably 
worked  out  many  of  the  results  in  their  laboratories  and  designing  rooms. 

The  kinetophone  or  talking  moving  picture  machine,  Mr.  Edison's  latest 
invention  to  be  put  upon  the  market,  was  then  demonstrated.  The  moving 
pictures  and  phonograph  were  shown  to  be  in  perfect  synchronism,  pro- 
ducing a  remarkable  illusion.  While  the  principle  of  the  action  of  the 
aijparatus  has  not  yet  been  made  public,  it  is  easy  to  see  the  importance 
of  its  application  not  only  for  purposes  of  amusement,  but  also  for  investi- 
gations of  a  scientific  character,  in  acoustics,  machinery  noises,  air  com- 
pressor action,  disruptive  s])ark  phenomena,  etc. 

NEW  HAVI:N  MEETING,  APRIL  ID 

A  meeting  of  the  Society  was  held  in  New^  Haven  in  the  Mason  Labora- 
tory of  Mechanical  Engineering  on  April  16,  with  afternoon  and  evening 
sessions.  E.  S.  Cooley,  chairman  of  the  New  Haven  local  committee,  pre- 
sided at  the  afternoon  session.  Papers  were  presented  on  General  Types 
of  Heating  Systems,  by  Allen  C.  Staley  of  the  mechanical  engineering  de- 
partment of  the  Sheffield  Scientific  School,   describing  various  apparatus 
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with  the  aid  of  a  profusiou  of  lauteru  slides ;  and  ou  the  Heating,  Ventilat- 
ing and  Humidifying  of  the  Cheney  Brothers  Sillc  INIills,  by  G.  H.  Miller, 
Mem.  Am.  Soe.  M.  E..  in  which  the  automatic  system  for  maintaining  con- 
stant temperature  and  humidity  day  and  night  the  year  around  in  some 
of  the  mills  of  the  company,  was  described.  These  papers  were  discussed 
by  W.  G.  Snow,  Mem.  Am.  Soc.  M.  E. ;  R.  W.  Pryor,  Jr.,  Jun.  Am.  Soc. 
M.  B. ;  T.  A.  Donnely,  of  the  Positive  Differential  Company ;  W.  F.  Good- 
enough,  of  the  American  Radiator  Company ;  Calvin  W.  Rice,  Secretary 
of  the  Society ;  Prof.  L.  P.  Breckeuridge,  Mem.  Am.  Soc.  M.  E. ;  Frank  B. 
Gilbreth,  Mem.  Am.  Soc.  M.  E. ;  and  W.  J.  Baldwin,  Mem.  Am.  Soc.  M.  E. 

An  intermission  was  given  at  five  o'clock  for  the  inspection  of  new  ap- 
paratus in  the  laboratory  for  experiments  of  heating  boilers  and  fans. 
Dinner  was  served  at  six  o'clock  in  the  Yale  Dining  Club. 

The  evening  session  opened  at  7.30  p.m.,  Px-of.  Chas.  F.  Scott,  Mem.  Am. 
Soc.  M.  E.,  presiding.  Greetings  from  the  Society  were  extended  by  the 
Secretary,  Calvin  W.  Rice,  and  Professor  Scott  introduced  the  subject  of 
the  evening,  Factory  Lighting,  speaking  of  the  general  principles  involved 
as  related  to  the  eye  and  illumination.  Clarence  E.  Clewell  of  the  elec- 
trical engineering  department  of  the  Shefiield  Scientific  School,  gave  a 
paper  on  applications  of  Lighting  to  Factories,  with  many  illustrations  of 
good  and  bad  lighting,  and  a  clear  presentation  of  modern  methods  of 
securing  good  lighting  and  its  economic  value.  T.  J.  Lytle  of  the  Welsbach 
Company  of  Philadelphia  described  the  latest  improvements  in  the  con- 
struction of  gas  lamps. 

A  very  effective  display  of  forms  of  gas  units  suitable  for  factories  and 
auditorium  was  arranged  througli  the  courtesy  of  the  New  Haven  Gas 
Light  Company  in  the  laboratory,  and  an  exhibition  of  the  lights  was  made 
at  the  close  of  Mr.  Lytle's  presentation. 

More  than  100  were  in  attendance  at  the  meeting. 

STUDENT  BRANCHES 

CASE  SCHOOL  OF  APPLIED  SCIENCE 

The  recently  organized  branch  at  the  Case  School  of  Applied  Science, 
Cleveland,  Ohio,  has  held  several  meetings,  at  one  of  which  A.  J.  Himes, 
president  of  the  Cleveland  Engineering  Society,  spoke  on  The  Advantages 
to  the  Engineer  of  Membership  in  an  Engineering  Society,  and  at  another, 
E.  P.  Roberts,  Mem.  Am.  Soc.  M.  E.,  gave  an  illustrated  lecture  on  Some 
Phases  of  Power  Plant  Engineering.  Plans  are  being  made  for  the  first 
annual  meeting. 

COLUMBIA   UNIVERSITY 
On  March  27.  R.  V.  Wright,  Mem.  Am.  Soc.  M.  E.,  addressed  the  Colum- 
bia University  Student  Branch  on  Steel  Cars  and  Their  Construction. 

CORNELL   UNIVERSITY 
The  Sibley  College  Student  Branch  held  a  joint  meeting  with  the  Ameri- 
can  Institute  of  Electrical    Engineers    Student   Branch   on   March   26,    at 
which  there  was  a  debate  on  the  question,  Resolved,  that  marine  power 
can  be  more  efficiently  utilized  liy  tlie  interposition  of  electric  units  be 
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tweeu  the  prime  mover  and   tlie  propellin's.     A.  C.   Voorliees    (1913)    and 
J.  B.  Norrls  (1913),  on  the  negative  side,  won  tlie  debate. 

LEHIGH  UNIVERSITY 

At  a  meeting  of  ttie  Mechanical  Engineering  Society  at  Lehigh  Univer- 
sity on  April  19,  Mr.  Larkin  of  the  mechanical  engineering  department 
spoke  of  his  experiences  in  beginning  work  after  his  graduation  from  col- 
lege, and  H.  A.  Freeman,  manager  of  the  Davis  Regulator  Company,  gave 
a  talk  on  Valves  and  Valve  Regulation. 

MASSACHUSETTS    INSTITUTE    OF   TECHNOLOGY 

At  the  March  17  meeting  of  the  Mechanical  Engineering  Society,  Prof. 
I.  N.  Hollis,  Vice-President,  Am.  Soc,  M.  E.,  delivered  a  lecture  on  The 
History  of  Steam  Boiler  Construction,  in  which  he  outlined  the  develop- 
ment of  the  steam  boiler  from  the  earliest  times.  The  talk  was  illustrated 
with  lantern  slides. 

On  March  20,  the  members  of  the  branch  and  the  Electrical  Society  at- 
tended a  smoker  at  the  Technology  Union,  at  which  an  illustrated  lecture 
was  given  by  Prof.  H.  W.  Smith  of  the  electrical  department,  on  his  travels 
among  the  tribes  of  the  island  of  Sawarak. 

E.  II.  Peabody,  Mem.  Am.  Soc.  M.  E.,  addressed  the  meeting  of  March 
28,  the  subject  being  Oil  Burning.  The  lecture  was  illustrated  with  lantern 
slides. 

On  April  8,  R.  E.  Curtis,  Mem.  Am.  Soc.  M.  E.,  gave  an  address  on  Me- 
chanical Drawings  and  the  Drawing  Room,  in  which  he  discussed  the  best 
methods  employed  in  drafting,  and  the  proper  way  a  large  drafting  room 
should  be  conducted. 

I.  E.  Moultrop.  Vice-President,  Am.  Soc.  M.  E.,  gave  a  lecture  on  Power 
Plant  Difficulties,  at  the  meeting  of  April  14,  in  which  he  discussed  boiler 
capacity,  boiler  setting,  economizers,  condensers,  stokers  and  steam  piping. 
A  discussion  by  the  student  members  followed. 

PENNSYLVANIA    STATE    COLLEGE 

On  April  4,  D.  R.  Mason,  metallurgical  engineer  with  the  National  Tube 
Co.,  addressed  the  Pennsylvania  State  College  Student  Branch  on  the 
Manufacture  of  Steel  Tubing. 

H.  A.  Hey,  Assistant  to  the  Secretary.  Am.  Soc.  M.  E.,  in  an  address  at 
the  meeting  of  April  8,  set  forth  the  advantages  of  student  membership 
in  the  Society. 

At  the  meeting  of  April  11,  C.  D.  Young.  Mem.  Am.  Soc.  M.  E.,  lectured 
upon  the  present  practice  in  railroad  work  in  the  .use  of  superheated  steam, 
electrical  engineering  in  steam  road  work,  and  apprenticeship  courses  for 
engineering  graduates. 

POLYTECHNIC    INSTITUTE   OF    BROOKLYN 

A  meeting  of  the  Polytechnic  Institute  Student  Branch  was  held  on  April 
5  when  Prof.  R.  H.  Fernald,  Mem.  Am.  Soc.  M.  E.,  delivered  a  lecture  on 
Producer  Gas  from  Low-Grade  Fuels. 
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PURDUE    UNIVERSITY 

At  a  reKuliir  uieetiug  of  the  Purdue  Uuiversity  Studeut  Braucli  on  April 
8,  Prof.  G.  AV.  Munro,  Mem.  Am.  Soc.  M.  E.,  presented  a  Historical  Resume 
of  Gas  Turbines,  in  which  he  discussed  the  types  and  probable  develop- 
ment.   The  talk  was  illustrated  with  lantern  slides. 

STATE  UNIVERSITY  OF  KENTUCKY 
At  the  last  regular  meeting  of  the  University  of  Kentucky  Student 
Branch,  S.  Rosenzweig  of  the  Erie  City  Iron  Works,  delivered  a  lecture  on 
Superheated  Steam  and  Poppet  Valve  Engines.  Lantern  slides,  showing 
the  detailed  construction  of  engine  and  valve  gears,  added  interest  to  the 
lecture. 

STATE   UNIVERSITY   OF    IOWA 
At  the  meeting  of  the  Council  on  April  11.  the  establishment  of  a  new 
student  branch  at  the  State  University  of  Iowa  was  authorized. 

STEVENS    INSTITUTE   OF   TECHNOLOGY 

On  March  7  Jerome  Strauss  (1913)  gave  a  talk  before  the  Stevens  Engi- 
neering Society  on  the  Corrosion  and  Preservation  of  Iron  and  Steel.  The 
speaker  recalled  how  the  hand-worked  iron  of  former  times  withstood 
the  attack  of  corrosive  agencies  better  than  the  cheaper,  quicker-made  iron 
of  today,  and  the  theories  of  corrosion  and  the  methods  of  protecting  iron 
were  discussed. 

Dr.  Chas.  E.  Lucke,  Mem.  Am.  Soc.  M.  E.,  presented  a  paper  on  Heavy 
Oil  Engines  at  the  meeting  of  March  18.  This  was  discussed  by  H.  Tor- 
rance and  R.  H.  Williams. 

At  the  March  27  meeting.  Dr.  F.  J.  Pond,  profesor  of  chemistry  at 
Stevens  Institute  of  Technology,  delivered  a  lecture  on  Synthesis  of  Rub- 
ber. He  began  his  lecture  by  a  brief  description  of  india-rubber  or 
caoutchouc,  which  is  obtained  from  the  sap  of  certain  tropical  trees.  The 
sap  is  coagulated  by  heat  or  by  means  of  acid  and  the  main  constituent 
is  the  caoutchouc  hydrocarbons.  The  principle  upon  which  the  synthesis 
of  rubber  depends  is  to  produce  these  caoutchouc  hydrocarbons  without 
the  aid  of  the  vegetable  sap. 

The  Electrification  of  the  Steam  Railroads  in  the  Neighborhood  of  Bos- 
ton from  a  General  Economic  and  Engineering  Point  of  View,  by  Dr. 
George  F.  Swain,  Mem.  Am.  Soc.  M.  E.,  was  given  at  the  meeting  of  April 
1.  He  emphasized  the  point  that  it  was  not  a  question  of  how  to  build 
l)ut  whether  to  build  at  all,  and  his  considerations,  therefore,  were  not 
electrical  but  financial  and  economic.  This  was  discussed  by  J.  H.  Vander 
Veer  (1911). 

On  April  8,  F.  E.  Ford  (1914),  presented  an  illustrated  lecture  on  Hydro- 
electric Power  Development.  The  main  essentials  in  considering  hydroelec- 
tric propositions  are  accessibility  of  location,  market  for  the  product,  cost 
of  maintenance  and  fixed  charges.  .T.  H.  Vander  Veer.  R.  H.  Williams,  C.  S. 
Trewin  and  M.  R.  Van  Benschoten  participated  in  the  discussion. 

UNIVERSITY    OF    ILLINOIS 

L.  D.  Breedlove  gave  a  talk  on  The  Prevention  of  Accidents  in  Industrial 
Plants  at  the  meeting  of  March  7  of  the  University  of  Illinois  Student 
Branch,  which  was  followed  by  a  general  discussion. 
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UNIVERSITY   OF    KANSAS 

The  fourth  annual  open  meeting  of  the  University  of  Kansas  Student 
Branch  was  held  March  27.  The  first  session  was  opened  by  an  address 
by  Prof.  P.  F.  Walker,  Mem.  Am.  Soc.  M.  E.,  and  the  following  papers 
were  presented:  Failures  of  Machine  Parts,  W.  H.  Tangeman  (1912); 
Temperature  Regulation  and  the  Heating  Engineer,  F.  A.  DeBoos  of  the 
Johnson  Service  Company,  Kansas  City,  Mo.,  and  Fuel  Testing  and  the 
Purchase  of  Coal  hy  Specifications,  Dr.  Roy  Cross.  The  paper  by  Mr. 
UeBoos  was  illustrated  with  lantern  slides  and  models. 

At  the  second  session,  Prof.  F.  H.  Sibley,  Mem.  Am.  Soc.  M.  E.,  read  a 
paper  on  Block  Signals.  E.  E.  Ploward,  of  Waddell  &  Harrington,  Kansas 
City,  Mo.,  gave  a  talk  on  The  Design  and  Operation  of  Lift  Bridges  which 
was  illustrated  with  slides  of  bridges  in  operation.  An  illustrated  lecture 
on  Superheated  Steam  and  the  Lentz  Engine  was  also  presented  by  S. 
Roseuzwelg  of  the  Erie  City  Iron  Works. 

In  the  evening,  a  banquet  was  given  to  the  visiting  speakers. 

UNIVERSITY   OF    MISSOURI 
At  a  s]iecial  open  meeting  of  the  University  of  Missouri  Student  Branch 
on  March  IS,  Prof.  Wm.  Kent,  Mem.  Am.  Soc.  M.  E.,  delivered  a  lecture  on 
Engineering  and  Common  Sense. 

UNIVERSITY  OF  WISCONSIN 

An  Interesting  exhibit  of  internal  combustion  engines  was  held  at  the 
University  of  AVisconsin,  Madison,  Wis.,  on  February  27  and  28,  by  the 
Student  Branch  of  the  Society  in  cooperation  with  some  of  the  agricultural 
students  and  with  the  assistance  of  various  manufacturers,  W.  C.  Rowse 
of  the  faculty  acting  as  director  of  the  affair.  The  exhibit  was  given  in 
the  Stock  Pavilion  of  the  Agricultural  Department,  and  consisted  of  tract- 
ors, a'utomohiles,  motor  cycles,  general  farm  engines  and  utility  engines 
and  motor  boats.  It  was  open  between  10  a.m.  and  10  p.m.,  the  machinery 
being  run  at  certain  hours  during  the  day  and  evening  so  that  the  oper- 
ating factors  could  be  seen.  The  applications  of  this  type  of  engine  that 
could  not  be  shown  by  exhibits  were  illustrated  by  lantern  slides  and  lec- 
tures. Music  was  provided  by  the  university  regiment  on  both  evenings, 
and  the  show  proved  to  be  of  such  a  popular  nature  that  the  pavilion  was 
crowded  to  its  fullest  extent  both  during  the  afternoon  and  evening.  Al- 
though over  a  thousand  free  passes  were  given  out  by  the  dealers  partici- 
pating in  the  exhibit,  and  despite  the  low  cost  of  admission,  ten  cents,  the 
attendance  was  so  large  that  over  one  hundred  dollars  was  realized  after 
the  meeting  of  all  expenses. 

YALE  UNIVERSITY 

An  engineering  exhibit,  showing  the  apparatus  in  use  at  the  Mason 
Laboratory  of  Mechanical  Engineering,  together  with  that  of  certain  man- 
ufacturing firms,  was  held  at  Sheffield  Scientific  School,  Yale  University, 
on  February  21  and  22,  under  the  auspices  of  the  student  branches  of  the 
national  societies.  It  was  planned  by  the  students  for  the  benefit  of  the 
university  and  their  friends,  so  that  all  might  examine  the  equipment  of 
the  laboratory.  The  apparatus  included  testing  machines,  special  testing 
apparatus,  sewage  disposal  plant,  sanitary  chemical  analysis  of  water,  test- 
ing of  reinforced  concrete,  steam  engines,  ore  testing  machinery,  electrical 
machinery,  and  many  others. 
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KDWAItD    L.    BRONSOX 

Edward  L.  Bronson,  Avho  died  at  his  home  in  Waterbury, 
Conn.,  on  February  18.  1913,  Avas  born  at  Wolcott,  Conn.,  on  May 
18,  1860.  His  education  was  received  in  the  public  schools  and 
in  the  LeAvis  Academy,  Southington,  Conn.  Upon  leaving  school 
he  apprenticed  himself  to  the  Hendey  Machine  Company  in  Tor- 
rington. 

In  1886  he  entered  the  employ  of  the  Waterbury  Farrel  Foun- 
dry &  Machine  Company  at  Waterbur3^  as  machinist,  and  later 
in  the  "Same  year  resigned  to  take  up  similar  work  with  the  E.  J. 
Manville  Machine  Company.  Three  years  later  he  became  con- 
nected with  J.  E.  Draper  &  Company,  North  Attleboro,  as  a  tool 
maker,  but  soon  returned  to  Waterbury  to  become  foreman  of 
the  machine  department  of  Blake  &  Johnson,  machinists  and 
manufacturers  of  piano  hardware,  etc.  In  1896  he  again  entered 
the  employ  of  the  Manville  Company,  now  as  foreman  of  special 
machinery  and  tool  making,  and  remained  with  them  until  he 
became  master  mechanic  of  the  Shoe  Hardware  Company,  with 
which  he  was  connected  until  shortly  before  his  death.  His  was 
no  small  part  in  the  development  of  the  factory  to  its  present 
importance. 

Mr.  Bronson  was  especially  interested  in  automatic  machinery 
and  with  A.  C.  Campbell  invented  an  improvement  in  dress  hook 
machines,  which  resulted  in  increasing  the  speed  of  production 
from  70  to  220  hooks  per  minute. 

GEORGE   W.    CLANCY 

George  W.  Clancy,  president  of  the  Globe  Chemical  Company 
of  Boston,  died  at  his  home  in  Albany  on  March  10,  1913.  Mr. 
Clancy  was  born  in  Albany  on  Februar}'^  22,  1881,  and  after  com- 
pleting his  education  in  the  public  schools  entered  the  shops  of 
Skinner  &  Arnold  of  that  city,  where  he  learned  the  machinist's 
trade.  He  then  entered  the  employ  of  the  New  York  Central 
at  West  Albany  and  was  transferred  to  the  Boston  &  Albany 
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Railroad  in  1904,  becoming  inspector  of  shops.  In  190S  he  left 
to  accept  a  similar  position  with  the  New  York,  New  Haven  & 
Plartford  Railroad.  While  with  this  company  he  received  an 
oiler  to  become  manager  of  the  railway  sales  department  of  the 
Adams  &  Elting  Company,  Chicago,  and  was  with  this  concern 
at  the  time  of  his  death. 

COLIN   C.  SIMPSON 

Colin  C.  Simpson,  assistant  secretary  and  general  superintend- 
ent of  mains  of  the  Consolidated  Gas  Company,  died  in  New 
York,  April  8,  1913.  Mr.  Simpson  was  born  at  Maidstone,  Eng- 
land, on  Deceinl)er  IG,  1856,  and  received  his  education  in  private 
schools,  the  Technical  High  School  of  Gratz,  Austria,  and  the 
Naval  Academy  at  Trieste,  Austria.  He  began  his  career  wath 
an  English  contracting  firm  laying  Avater  mains  in  Vienna,  and 
during  his  connection  with  them  invented  a  machine  for  tap- 
ping mains  while  under  pressure  without  allowing  water  to 
escape. 

In  1880  he  came  to  the  United  States  and  entered  the  engineer- 
ing departuient  of  the  Knickerbocker  Gas  Couipany.  Two  years 
later  he  was  placed  in  charge  of  mains  of  the  Municipal  and 
Knickerbocker  Gas  Companies,  and  at  the  time  of  their  consoli- 
dation in  1884  into  the  Consolidated  Gas  Company,  was  made 
district  superintendent  of  mains.  From  this  he  rose  to  the  gen- 
eral superintendency  and  also  to  the  position  of  assistant  secre- 
tary, in  both  of  which  he  continued  up  to  the  time  of  his  death. 

Mr.  Simpson  had  an  unusual  acquaintance  with  sub-surface 
conditions  in  New  York  City,  having  had  charge  of  the  design 
and  construction  of  all  gas  mains  laid  in  Manhattan  since  1884. 
He  designed  and  successfully  laid  during  1910  and  1911  two  36- 
inch  and  one  48-inch  main  across  the  Harlem  River,  one  of  the 
most  difficult  problems  in  connection  with  main  work.  He  also 
laid  the  East  River  Gas  Company's  60-inch  steel  main  from 
the  Astoria  Works  to  Ravenswood,  the  largest  gas  main  in 
the  world.  He  was  the  first  man  to  use  lead  wool  for  pipe  joint- 
ing in  this  country,  having  imported  this  material  from  Ger- 
many before  it  was  manufactured  here.  He  was  a  leading  ex- 
ponent of  absolute  safety  with  respect  to  gas  mains,  and  designed 
and  secured  the  adoption  of  the  system  of  bypassing  of  all  gas 
mains,  now  in  general  use  during  the  construction  of  the  subways. 

Mr.  Simpson  had  a  very  wide  acquaintance  among  his  profes- 
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sioii  iiiid  was  freciuently  called  upon  as  an  expert  in  damage 
suits  against  gas  companies.  He  appeared  before  the  United 
States  Supreme  Court  in  the  New  York  Eighty-Cent  Gas  Case 
and  established  the  value  claimed  for  the  mains  under  his  charge. 
He  was  a  member  of  the  American  Gas  Institute,  the  Engineers 
Club,  the  Society  of  Gas  Engineering,  the  Society  of  Illuminating 
Engineers,  and  the  National  Democratic  Club. 

CHAKLES   E.    TOMLINSON 

Charles  E.  Tomlinson  Avas  born  February  14,  1868,  in  Auburn, 
N.  Y.,  and  was  educated  in  the  public  schools  of  that  city  and 
of  Syracuse.  He  entered  the  field  of  mechanical  engineering 
by  serving  as  an  api)rentice  with  a  number  of  firms,  including 
the  L.  C.  Smith  Gun  Company,  LaFevere  Arms  Company,  Wes- 
ton &  Smith  and  I.  Weston  &  Company,  drafting  machinists,  de- 
signers and  builders,  Duell,  Laass  &  Duell,  Emil  Laass  &  Com- 
pany, Hey,  Wilkinson  &  Parsons  and  Hey  &  Parsons,  patent 
solicitors  and  attorneys,  all  of  Syracuse,  N.  Y.  In  1900  he  en- 
tered the  employ  of  the  Eemington  Typewriter  Company  as  de- 
signer and  draftsman,  and  in  1903  transferred  to  their  Smith 
Premier  plant,  with  which  he  was  connected  at  the  time  of  his 
death,  on  March  10,  1913.  Mr.  Tomlinson  designed  and  con- 
structed the  various  parts  of  the  typewriter  for  the  Remington 
Company,  and  during  the  latter  years  of  his  life  Avas  occupied 
mainly  in  expert  work  on  patents  and  related  questions. 

AAROX  VANDERBILT 

Aaron  Vanderbilt  of  Keiusenlnirg,  New  York,  died  on  March 
25,  1913.  He  was  born  January  29,  1844,  and  was  educated  in 
the  public  schools  of  Staten  Island  and  Brooklyn.  Throughout 
his  professional  career  he  was  connected  with  marine  work 
and  had  no  technical  training  other  than  that  gained  by  experi- 
ence. 

He  was  at  one  time  manager  of  the  Ward  Steamship  Company, 
and  at  the  time  of  the  formation  of  the  Society,  of  which  he  was 
one  of  the  charter  members,  superintendent  of  the  New  York  and 
Cuba  Mail  Steamship  Company,  and  from  1900-1908.  when  ill- 
health  forced  him  to  retire  from  active  work,  vice-president  of 
the  Wheeler  Condenser  &  Engineering  Company.  He  was  espe- 
cially interested  in  n-arine  engines  and  gave  much  time  and  study 
to  their  development. 
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During  the  Civil  War  while  on  Admiral  Porter's  staff  he  drew 
plans  of  the  enemy's  fortifications  at  Fort  Fisher  and  elsewhere. 

Mr,  Vanderbilt  was  elected  to  life  membership  in  the  Society 
in  1908.  He  was  a  member  of  the  United  States  Naval  Institute, 
the  Naval  Order  of  the  United  States,  the  Society  of  Marine 
Architects  and  Naval  Engineers,  the  Navy  League,  the  Grand 
Army  of  the  Republic,  and  the  military  order  of  the  Loyal 
Legion.  He  was  largely  instrumental  in  the  formation  of  the 
Naval  Reserve  and  the  Navy  League,  and  was  at  one  time  chair- 
man of  tho  committee  on  ocean  transportation  of  the  New  York 
Board  of  Trade. 
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The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal 
attention  and  is  pleased  to  receive  requests  both  for  positions  and  for  men.  Notices 
are  not  repeated  except  upon  special  request.  Names  and  records,  however,  are  kept 
on  the  current  office  list  three  months,  and  If  desired  must  be  renewed  at  the  end  of 
such  period.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month 
The  list  of  "  men  available  "  Is  made  up  from  members  of  the  Society.  Further  in- 
formation will  be  sent  upon  application. 

POSITIONS  AVAILABLE 

358  Young  graduate  mechanical  engineer  in  estimating  deiiartment  of 
Pennsylvania  concern  making  gas  engines  and  producers,  steam  engines, 
boilers,  tanks,  etc.  The  work  would  cover  estimating  material  and  labor 
costs  on  boiler  shop  construction  ;  preference  for  someone  who  has  had 
actual  experience  in  the  boiler  shop  estimating  line,  and  who  can  be  de- 
pended on  to  stay  after  becoming  proficient  in  the  work.  Salary  depends 
on  man's  capabilities  and  experience. 

359  Foreman  in  small  plate  and  structural  shop.  Must  be  good  layer- 
out  and  all-arovmd  man  able  to  keep  accurate  cost  records  and  get  results. 
State  age,  experience,  references  and  salary  expected.  Location  Spring- 
field. Mass. 

363  Technical  graduate  from  ^  to  .30  years  old,  as  assistant  to  head 
of  engineering  and  maintenance  departments  of  firm  manufacturing  pai)er 
and  finished  paper  pi'oducts.  Headquarters  in  Massachusetts.  Should  have 
had  general  experience  in  upkeep  of  an  industrial  plant  rather  than  some 
specialty.  Applications  must  include  full  details  as  to  previous  history  and 
salary  wanted. 

400  Recent  graduates  in  mechanical  engineering,  who  will  be  ambitious 
and  willing  to  work  hard.     Location  Niagara  Falls,  N.  Y. 

401  Technical  expert  in  purchasing  department  of  a  large  works  near 
New  York,  making  high-grade  light  metal  products,  to  assist  in  selecting, 
buying  and  inspecting  tlie  many  varied  materials  used.  Should  be  good 
metallurgist,  fair  chemist  and  familiar  with  fuels.  Apply  through  the  So- 
ciety, giving  age,  education,  experience,  reference  and  approximate  salary 
required. 

402  Mechanical  engineer  with  experience  in  production  engineering,  or 
in  the  Taylor  system  of  scientific  management  or  one  having  a  liking  for 
this  kind  of  work ;  Cleveland  concern. 

403  Man  with  ability  to  decrease  costs  and  increase  production,  required 
to  operate  rapidly  growing  department  of  St.  Louis  manufacturing  plant. 
Ability  to  grasp  and  develop  special  features  is  necessary.  Practical  shop 
and  premium  system  experience  desired.     Salary  .$125  upward. 

404  Sales  engineer  for  high-grade  steam  engines.  Must  be  a  man  cap- 
able to  instruct  and  advise  other  salesmen.     Location  New  York  State. 
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405  Position  o]ien  for  engineer  familiar  with  steam  pumps,  centrifugal 
pumps  and  air  compressors,  ami  with  some  experience  along  the  line  of 
salesmanship.     Michigan  concern. 

400  Engineer  on  power  plant  design,  operation,  estimating,  testing  and 
mechanical  construction.    Location  JMassachusetts.    Apply  through  Society. 

407  Young  technical  graduate,  familiar  with  power  plant  work,  expe- 
rience in  stoker  construction  preferred.  Salary  $1500 ;  good  opportunity 
for  advancement.    Location  Massachusetts. 

409  General  superintendent,  with  wide  shop  experience  and  thoroughly 
conversant  with  all  modern  tools  and  methods,  good  organizer  with  ability 
to  handle  men  to  the  best  advantage.  Location  Detroit.  Apply  through 
the  Society. 

410  IMau  to  take  charge  of  mechanical  end  of  ])lant  to  over.see  boiler 
and  steam  plants  as  well  as  I'epair  work  and  new  construction.  Will  pay 
liberal  salary  for  right  man  wilh  abilily  to  handle  men  and  do  the  work. 
Location  Chicago. 

411  .Man  wilh  tlioroiigb  knowledge  of  nictnlhirgy  to  undertake  the  in- 
troduclion  of  an  important  now  process  of  case-hardening.  Will  need 
broad  engineering  training  as  well  as  business  experience. 

412  Instructor  in  experimental  engineering  for  the  school  year  101.']- 
1914.     Location  Oregon. 

414  Detailers  for  steel  work  of  olhce  and  mill  buildings.  Salary  $125 
a  month.    Location  San  Francisco. 

MEN    AVAILABLE 

S2  Member,  mechanical  engineer,  desires  to  hear  from  manxifacturers 
of  power  plant  equipment  and  speciay:ies  who  desire  a  representative  in 
Rochester,  N.  Y.,  and  vicinity. 

83  ^lember,  15  years'  practical  experience,  mainly  in  hydraulics  and 
steam  turbine  design,  now  teaching  machine  design  and  related  subjects  for 
the  second  year,  desires  teaching  position  in  machine  design  or  mechanical 
engineering. 

84  Member,  technical  graduate,  IS  years'  experience  in  sho]),  designing 
and  la.vouts,  testing  materials  and  machines,  now  teaching,  wishes  to  locate 
South  or  East,  preferably  with  consulting  engineer  or  technical  school. 

85  American,  technical  graduate,  10  years'  experience  in  design  of 
cranes  and  hoisting  machinery,  seeks  responsible  position  with  progressive 
firm  as  designing  engineer,  chief  draftsman  or  similar  work. 

86  Superintendent,  Member,  age  40,  experienced  in  shop  systems,  and 
modern  methods  of  manufacturing  Diesel  and  semi-Diesel  oil  engines ;  good 
executive,  with  last  employer  15  years,  desires  position  as  superintendent 
or  works  manager.    At  present  employed. 

87  Member,  at  present  employed.  18  years'  varied  experience  in  design 
and  construction  of  machinery  and  buildings,  remodeling,  maintenance  and 
operation  of  large  industrial  plants  and  equipment,  systematizing  of  shops 
and  processes  along  the  lines  of  scientific  management,  testing  and  general 
jdant  engineering;  accustomed  to  handling  men,  drawing  up  contracts,  pur- 
chasing equipment  and  material,  appraising  properties;  desires  to  become 
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identified  vvitli  iii.inufacturing  or  industrial  plant  ol  pnnninenco  in  admin- 
istrative or  executive  position  of  responsibility  in  which  his  experience  may 
be  of  value. 

88  Graduate  mechanical  engineer,  8  years'  experience,  partly  drafting 
and  designing,  but  mainly  in  research  and  experimental  work  along  lines 
connected  with  steam  engineering.  Af  present  employed,  available  about 
August  15.     Best  of  references. 

89  Technical  graduate,  age  37,  practical  mechanic  with  15  years'  expe- 
rience in  executive  and  designing  capacity  in  varied  lines,  desires  position 
as  superintendent  or  mechanical  engineer.     Open  to  engagement  May  1. 

90  Technical  graduate,  age  37,  practical  mechanic  with  10  years'  expe- 
rience in  executive  capacity,  mill  engineering,  power  generation,  transmis- 
sion, etc.,  desires  position  as  factory  engineer  or  works  manager  with  pi'o- 
gressive  concern  in  New  England. 

91  Member,  now  employed,  with  17  years'  experience  in  design  and  con- 
struction of  machinery  and  buildings,  manufacturing,  systematizing  and 
accounting,  graduate  IMassachusetts  Institute  of  Technology  in  mechauical 
engineering,  post-graduate  course  in  electrical  engineering,  desires  perma- 
nent administrative  or  executive  position  in  New  York  City. 

92  Member,  .32,  desires  position  in  New  York  or  vicinity,  with  a  firm 
engaged  in  design  and  construction  of  plants,  or  with  industrial  engineers. 
General  experience  in  mill  building  and  in  power  plants. 

93  Manager  and  engineer  equally  capable  in  charge  of  sales  depart- 
ment, advertising,  correspondence  or  shop.  Technical  degrees  of  mechan- 
ical and  electrical  engineer  (University  of  Pennsylvania),  followed  by  9 
years  of  practical  shop,  drawing-room,  office,  and  traveling  sales  experi- 
ence.    Four  years  with  present  firm  and  manager  of  a  sales  department. 

94  Associate,  age  35,  with  17  years'  broad  experience  in  drawing-rooms 
on  civil,  structural  and  mechanical  work,  desires  a  position  of  some  re- 
sponsibility (preferably  not  drawing),  in  or  near  Philadelphia.  Experience 
on  furnaces,  mill  work,  power  plants,  chemical  apparatus,  gas  plants,  coke 
ovens,  etc.     Salary  about  $1500  to  begin. 

95  Mem'ber,  age  38,  Cornell,  M.M.E.,  10  years'  practical  and  technical 
experience  along  internal-combustion  engine  lines,  in  designing,  testing, 
erecting  service  and  sales  work.  Specialty,  factory  production  and  inspec- 
tion systems  to  produce  interchangeable  parts.  At  present  employed.  De- 
sires position  of  responsibility  with  stationary  gas  engine  or  traction  en- 
gine concern  in  the  Middle  West.     Salary  $3600.     Good  references. 

96  Technical  graduate,  26  years'  experience  in  shop,  teaching  applied 
mathematics,  experimental  mechanics  and  engineering  physics,  15  years  in 
engineering  and  contracting,  covering  refrigeration,  water  supply,  power 
and  lighting  plants,  including  machinery  and  buildings,  testing  process  de- 
velopment and  consulting  work  over  a  wide  range  of  subjects.  At  present 
acting  professor  of  engineering  practice  in  a  prominent  engineering  school. 
Has  no  family  ties  and  would  like  position  in  Orient  or  south  of  equator. 

97  Technical  graduate,  .Junior  Member,  10  years'  practical  experience. 
At  present  engaged  as  superintendent  of  manufacturing  concern,  but  de- 
sires to  make  change  to  larger  field.  Experience  covers  design  and  manu- 
facture of  interchangeable  parts  and  machinery,  tools,  jigs,  and  fixtures 
for  increasing  production,  etc.     Good  references. 
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98  Mechanical  engineer  with  long  practical  shop  and  drawing-room  ex- 
perience, resonrceful  in  design,  especially  well  experienced  as  chief  drafts- 
man in  carrying  out  designs  at  reasonable  cost  in  the  drawing-room  of  en- 
gines, pumiJS,  heaters  and  condensers  of  all  descriptions,  the  specialty,  is 
open  for  engagement.     Splendid  record  and  references. 

Or>  Mechanical  engineer  having  thorough  practical  knowledge  combined 
with  technical  education,  conversant  with  steam  and  water,  desires  posi- 
tion as  master  mechanic  of  large  industrial  plant. 

100  English-speaking  graduate  German  technical  school,  with  foreign 
experience  in  landscape  architecture  and  city  planning,  including  survey- 
ing, analysis  of  soils,  building  construction,  canal  and  railroad  construc- 
tion, hydraulics,  meteorology,  etc.,  desires  to  locate  in  America. 

101  Teacher  of  mechanical  engineering  subjects,  at  present  in  one  of 
the  largest  schools  in  the  East,  desires  to  change  to  Middle  or  Far  West. 
Eight  years'  experience,  before  taking  up  school  work,  as  designer  and 
chief  engineer  on  steam  and  gas  engineering  work,  pump  compressors  and 
general  power  plant  work.  Member.  Excellent  references.  Minimum 
salary  $1800. 

102  Designer  of  broad  experience,  familiar  with  presses  and  dies  for 
sheet  metal  work,  and  with  tools,  jigs  and  fixtures  for  efficient  production, 
will  soon  be  available  for  work  of  this  class  in  the  Middle  West. 

10.3  Member,  professor  of  experimental  engineering  in  a  large  Eastern 
university,  desires  summer  work.  Has  had  shop  experience,  engine  room 
service  at  sea  and  a  general  experience  in  testing  work  and  miscellaneous 
engineering  problems. 

104  Member,  experienced  in  engineering  and  physical  research,  formerly 
in  charge  of  design  and  construction  of  internal-combustion  engines,  later 
in  charge  of  testing  laboratoiy,  and  thoroughly  conversant  with  latest 
theory  of  thermodynamics  as  teacher,  desires  an  opening  in  responsible 
charge  or  as  professor. 

10.5  Power  plant  specialist  and  consulting  engineer  desires  connection 
with  editorial  staff  of  leading  technical  periodical,  and  working  agreement 
with  bankers,  investors  or  others  contemplating  development  along  me- 
chanical or  industrial  lines. 

106  Junior  member  experienced  in  cost  and  efiiciency  work  and  factory 
management,  at  present  with  financial  house;  desires  position  as  factory 
manager  of  medium-sized  industrial  plant  or  assistant  to  manager  of  larger 
works. 

107  Student  member,  will  graduate  from  Stevens  Institute  in  1913,  de- 
sires a  position  in  which  the  prospects  are  good.  Interested  in  electrical 
or  hydraulic  lines. 

108  Cornell  graduate,  age  27,  would  like  to  engage  in  work  along  engi- 
neering sales.  Experience  in  power  specialties,  boiler  and  furnace  prac- 
tice, mechanical  and  works  engineer. 

109  Experienced  executive  now  located  in  Cincinnati  desires  consider- 
ation as  superintendent  or  production  manager.  Experienced  on  machine 
tools,  autos,  and  electric  machinery,  up-to-date  on  shop  management,  meth- 
ods and  system,  installed  the  premium  system  and  good  success  in  organ- 
izing and  handling  men,  practical  experience,  technically  trained,  age  37, 
married. 
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With  Comments  by  the  Librarian 

This  list  includes  onlj'  accessions  to  the  library  of  this  Society.  Lists  of  accessions  to  the 
libraries  of  the  A.I.E.E.  and  A.I.M.E.  can  be  secured  on  request  from  Calvin  W.  Rice,  Secretary, 
Am.  Soc.  M.  E. 

American  Railway  Bridge  and  Building  Association.     Proc.  19th  annual 

convention.     Chicago,  1909.     Gift  of  association. 
The  American  Society  of  Mechanical  Engineers.    Year  Book  1913.     New 

York,  191 S. 
Attitude  of  Labor  Towards  Scientific  Management,  Hollis  Godfrey.    Gift 

of  author. 
AuTOMOBiLTECHNiscHES  Handbuch,  Ernst  Valentin,     ed.  7.     Berlin,  1913. 
British  Fire  Prevention  Committee.    Fire  Tests  with  Doors.    Red  Book  no. 

173.     London,  1912. 
'- — Fire  Tests  with  Roof  Coverings  of  Asbestos  Cement  Corrugated  Sheets. 

Red  Book  no.  174.    London,  1913. 
Carnegie  Foundation  for  the  Advancement  of  Teaching.     5th  and  7th 

Annual  Reports  of  the  President  and  of  the  Treasurer.     New  York,  1910, 

1912.     Gift  of  the  Society. 
La  Chaufferie  Moderne.     Ahmentation  des  Chaudieres  et  Tuyauteries  de 

Vapeur,  J.  Guillaume  and  Andre  Turin.    Paris,  1912. 
Civil  Engineer  and  Architect's  Journal,    vols.  1-26.    London,  1837-1863. 
Constructions  Metalliques,  J.  BoiUiomme  and  E.  Silvestre.    Paris,  1913. 
Die  Dampfmaschinen,  A.  Pohlhausen.     vol.  2.     Mittweida,  1912. 
The  Design  of  Alternating-Current  Machinery,  J.  R.  Barr  and  R.  D. 

Archibald.    New  York,  Macmillan  Co.,  1913. 

The  book  was  written  by  Mr.  Barr,  a  lecturer  in  Heriot-Watt  College,  Edinburgh,  and  revised 
by  Mr.  Archibald.  It  is  for  students  in  advanced  electrical  engineering,  and  gives  adequate 
mathematical  treatment. 

Diesel-Motoren,  G.  Supino  and  H.  Zeman.    Munchen,  Berlin,  1913. 
Edinburgh   University.     Calendar   1912-1913.      Edinburgh,   1912.     Gift   of 

university. 
L'Effet  Gyrostatique  et  ses  Applications,  E.  W.  Bogaert.    Bruxelles-Paris, 

1912. 
Electric  Power  from  the   Mississippi  River,     bull.  no.  9,   March   1913. 

Keokuk,  1913.    Gift  of  Mississippi  River  Power  Co. 
Etude  Theorique  et  Pratique  sur  le  Transport  et  la  Manutention 

Mecaniques  des  Mat^riaux  et  Marchandises  dans  les  Usines,  les 

Magasins,   les  Chantiers,  les   Mines,   etc.,   Georg  von  Hanffstengel. 

vols.  1-2.     Paris,  1910-1911. 
Experimental  Study  of  Heat  Transmission  and  Entrainment  in  a  Vacuum 
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Evaporator.     Louisiana  Agricultural  Experiment  Station,  bull.  no.  138. 
Baton  Rouge,  1913.    Gift  of  Louisiana  State  University. 
Gas  Power,  C.  F.  Hirshfeld  and  T.  C.  Ulbricht.    New  York,  J.  Wiley  &  Sons, 
1913. 

This  elementary  manual  is  designed  for  students  in  manual  training  schools  and  others  who 
wish  to  learn  enough  of  the  gas  engine  to  serve  as  an  introduction  to  more  advanced  works.  There 
is  a  minimum  of  mathematical  treatment.  The  authors  are  members  of  the  faculty  of  Cornell 
University. 

Die  Geblase,  Albrecht  von  Ihering.    ed.  3.    Berlin,  1913. 

GoETHALS,  George  W.,  Banquet  Tendered  to,  by  New  York  Lehigh  Uni- 
versity Club,  January  27,  1913.    N.  Y.  Lehigh  University  Club. 

Great  Britain  Patent  Office  Library.  Guide  to  the  Search  Department. 
London,  1913.     Gift. 

Harvard  University.  Reports  of  the  President  and  the  Treasurer,  1911-1912. 
Cambridge,  1913.    Gift  of  university. 

HussEY,  Obed.  Edited  by  Follett  L.  Greeno.  Rochester,  N.  Y.,  1912.  Gift  of 
editor. 

The  book  is  controversial  rather  than  biographical,  and  is  designed  to  support  Hussey's  claims 
as  the  original  inventor  of  the  reaper. 

Hydraulisches  Rechnung,  R.  Weyrauch.     ed.  2.    Stuttgart,  1912. 

Uber  Kapok,  E.  L.  Lincke.    Dresden,  1912. 

Der  VI  Kongress  des  Internationalen  Verbandes  FiJR  Material-pru- 

fungen  der  Technik,  New  York,  1912,  Alfred  Deinlein.     Wien,  1913. 

Gift  of  H.  F.  J.  Porter. 
Koninklijk  Instituut  van  Ingenieurs.    Year  Book  1913.    's-Gravenhage,  1913. 

Gift  of  institute. 
Legal  Aid  Society.    37th  Annual  Report  of  the  President,  1912.    New  York, 

1913.     Gift  of  society. 
Lehrbuch  der  Thermodynamik,  J.  D.  V.  d.  Waals.    Leipzig,  1908. 
Les  Lois  Experimentales  des  Helices  Aeriennes,  Alexandre  See. 
Lowell  Textile  School.    Annual  Report  of  the  Trustees,  1912.    Boston,  1913. 

Gift  of  school. 
Machinists'  and  Draftsmen's  Handbook,  Peder  Lobben.    ed.  2.    Neio  York, 

Van  Nostrand  Co.,  1910.     Gift  of  author. 

A  compilation  of  facts  and  tables  for  the  working  mechanic.  It  is  full  of  practical  information; 
an  encyclopedia  of  machine-shop  practice. 

NeUERE    KiJHLMASCHINEN   IHRE    KoNSTRUKTION    WiRKUNGSWEISE    UND    INDUS- 

trielle  Verwendung,  Hans  Lorenz  and  C.  Heinel.  ed.  5.  Oldenburgs 
Technische  HandbibUothek,  vol.  1.    Munchen,  1913. 

New  York  Central  and  Hudson  River  Railroad  Company.  44th  Annual 
Report  to  the  Stockholders,  1912.     Nexo  York,  1912.     Gift  of  company. 

Ohio  University.  Bulletin  of  Summer  School.  Athens,  1913.  Gift  of  uni- 
versity. 

Pittsburgh  Bureau  of  Water.  Annual  Report  February  1,  1911  to  January 
31,  1912.    Gift  of  superintendent  Bureau  of  Water. 

Poor's  Manual  of  Railroads,  1913.    New  York,  1913. 

Precis  d'Hydraulique,  Georges  Daries.    Paris,  1912. 

Public  Health  Service  jjot  a  Medical  Monopoly,  Morris  Knowles.  Ep- 
printed  from  American  Journal  of  Public  Health.    Gift  of  author. 
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DeR   SCHIIAUHENI'ROPELLER    (ScHIFFHSCHRAUBE)    KoNSTRUKTlON    UND    BeRECH- 

NUNG  DESSELBEN,  C.  Drcihardt.     Berlin,  1906. 

Society  for  the  Promotion  of  Engineering  Education.  Prdc.  vol.  20,  p(.  1. 
Ithaca,  1913.    Gift  of  society. 

Steam  Boiler  Explosions,  W.  H.  Boehm.  1912.  Gift  of  Fidelity  and  Casualty 
Company  of  New  York. 

Symposium  on  Scientific  Management  and  Efficiency  in  College  Admin- 
istration. Ithaca,  1913.  Gift  of  Society  for  the  Promotion  of  Engineering 
Education. 

A  Thousand  Uses  for  Gas.  An  alphabetically  arranged  list  of  over  one  thou- 
sand uses  for  gas  as  applied  in  the  arts  and  trades.  1913.  Gift  of  National 
Commercial  Gas  Association. 

Throop  Polytechnic  Institute.  President's  Fourth  Annual  Rei)ort.  Bulletin 
April  1913.     Pasadena,  1913.    Gift  of  institute. 

Transporter  Bridges,  H.  G.  Tyrrell.     Toronto,  1912.    Gift  of  author. 

University  of  Edinburgh.  Copy  Register  of  Members  of  the  General  Council, 
1911.    Edinburgh,  1911.    Gift  of  the  Society. 

University  of  Toronto.  Calendar,  Faculty  of  AppUed  Science  and  Engineer- 
ing 1913-1914.    Toronto,  1913.    Gift  of  university. 

t^BER  Wasserkraft  UND  Wasser  Versorgungslagen,  F.  Schlotthauer.  ed.  2. 
Oldcnbourgs  Tcchnifeche  Handbibliothek,  vol.  7.    M'lmchen-Berlin,  1913. 

Die  Werkzeugmaschinen  und  ihre  Konstruktionselemente,  Fr.  W.  Hiille. 
Berlin,  1913. 

Worcester  Polytechnic  Institute.  43d  Annual  Catalogue,  1912-1913 
Worcester,  1913.    Gift  of  institute. 

UNITED  ENGINEERING  SOCIETY 

Congres  Geologique  International  Xli  Session.    Second  circular,  February 

1913.    Canada,  1913.    Gift  of  Victoria  Memorial  Museum. 
Cumulative  Book  Index,  books  published  1912.    Minneapolis,  1913. 
Engineering,     vol.  36,  1883.    London,  1883.     Gift  of  John  Wiley. 

FiJNFUNDDREISSIGSTER    JaHRESBERICHT  UBER   DIE   TaTIGKEIT    DER    DeUTSCHEN 

Seewarte,  1912.    Hamburg,  1913.    Gift. 
Moody's  Manual  of  Railroads  and  Corporation  Securities,  1913.     New 

York,  1913. 
Oil,  Paint  and  Drug  Reporter.    Buyers  Directory,  1913.    Neio  York,  1913. 

Gift  of  Oil,  Paint  and  Drug  Reporter. 
"Sweet's"  Catalogue  of  Building  Construction,  1913.     New  York,  1913. 

Gift  of  Wm.  B.  Bamford. 

EXCHANGES 

American  Gar  Institute.    Proceedings,    vol.  7,  1912.     1913. 

American  Society  of  Refrigerating  Engineers.    Transactions,    vol.  6.     New 

York,  1910. 
Deutsches  Museum.     Bibhothek-Katalog.    Leipzig,  1907. 
Bericht  iiber  die  unter  dem  Vorsitze,  Sr.  Konigl.     Hoheit  dcs  Prinzen 

Ludwig  von  Bayern,  June  28,  1903.     Munchen,  1903. 

Desrription  of. 

Fiihrcr  durch  die  Sammlungen.     Leipzig. 

Mitgheder-Verzeichnis,  1909-1910. 
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-Verwaltungs  Bericht  iiber  das  Geschaftsjahr  5,  7,  8,  1908-1911.    Munchen, 


1908-1911. 
-A  Walk  Through  the  Collections. 


Soci6t6  des  Ingenieuks  Civils  de  France.    Annuaire  dc  1913.    Paris,  1913. 
U.  S.  Naval  Observatory.    Annual  Report  1912.    Washington,  1912. 

TRADE    CATALOGUES 

Johns-Manville  Co.,  Cleveland,  0.    J-M.  Power  Expert,  March  1913. 
Penberthy  Press,  Detroit,  Mich.     Penberthy  Engineer  and  Fireman,  March 

1913. 
Under-Feed  Stoker  Co.,  Chicago,  III.    PubUcity  Magazine,  March  1913. 
Wood,  W.  H.  Loco  Fire  Box  and  Tube  Plate  Co.,  Media,  Pa.    Explanatory 

reference  to  the  diagram  of  Wm.  H.  Wood's  patent  locomotive  firebox  and 

tube  plates. 


OFFICERS  AND  COUNCIL 


President 

W.  F.  M.  Goss 


Vice-Presidents 


Terms  expire  1913 

Wm.  F.  Durand 
Ira  N.  Hollis 
Thos.  B.  Stearns 


Terms  expire  1914 

James  Hartness 
i.  e.  moultrop 
H.  G.  Stott 


Terms  expire  1913 

D.  F.  Crawford 
Stanley  G.  Flagg,  Jr. 

E.  B.  Katte 


Managers 

Terms  expire  1914 

Chas.  J.  Davidson 
Henry  Hess 
Geo.  a.  Orrok 


Terms  expire  1915 

W.  B.  Jackson 
H.  M.  Leland 
Alfred  Noble 


m.  l.  holman 

Jesse  M.  Smith 


Past-Presidents 

Members  of  the  Council  for  1913 

Alex.  C.  Humphreys 


George  Westinghottse 
E.  D.  Meier 


Chairman  of  Finance  Committee 

Robert  M.  Dixon 


Treasurer 

William  H.  Wiley 


Honorary  Secretary 

F.  R.  Hutton 


Secretary 

Calvin  W.  Rice 


Executive  Committee  of  the  Council 


W.  F.  M.  Goss,  Chmn. 

Alex.  C.  Humphreys,  V-Chmn. 

E.  B.  Katte 


E.  D.  Meier 
Geo.  a.  Orrok 
H.  G.  Stott 
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STANDING  COMMITTEES 


Meetings 


Publication 


R.  M.  Dixon  (1),  Chmn. 
W.  H.  Marshall  (2) 

H.  L.  DOHERTY  (3) 

W.  L.  Saunders  (4) 
W.  D.  Sargent  (5) 


H.  DE  B.  Parsons  (1),  Chmn.  G.  I.  Rockwood  (1) 
L.  P.  Alford  (2)  Chmn. 

H.  E.  Longwell  (3)  G.  M.  Basford  (2) 

H.  L.  Gantt  (4)  C.  I.  Earll  (3) 

R.  H.  Fernald  (5)  I.  E.  Moultrop  (4) 

F.  R.  Low  (5) 

Library  House 

HoseajiWbbster  (1),  Chmn.  L.  Waldo  (4),  Chmn.  E.  Van  Winkle  (1),  Chmn. 

Theodore  Stebbins  (2)        C.  L.  Clarke  (1)  H.  R.  Cobleigh  (2) 

W.  H.  BoEHM  (3)  Alfred  Noble  (2)  S.  D.  Collett:(3) 

H.  C.  Meyer,  Jr.  (4)  E.  G.  Spilsbury  (3)  W.  N.  Dickinson  (4) 

L.  R.  PoMEROY  (5)  The  Secretary  F.  A.  Scheffler  (5) 


Membership 


Public  Relations 


R.  H.  Rice  (4),  Chmn. 
L.  S.  Marks  (1) 
A.  L.  De  Leeuw  (2) 
R.  C.  Carpenter  (3) 
R.  D.  Mershon  (5) 


J.M.Dodge  (3),  Chmn. 
J.  W.  Lieb,  Jr.  (1) 

F.  J.  Miller  (2) 
W.  R.  Warner  (4) 

G.  M.  Brill  (5) 


SOCIETY  REPRESENTATIVES 


Bnelneerlng  Education 

A.  C.  Humphreys 
F.  W.  Taylor 


General  Conference  Commit- 
tee of  National  Engineering 
Societies 

C.  W.  Baker 
E.  D.  Meier 


A.  A.  a.  s. 
A.  C.  Humphreys 
W.  B.  Jackson 


John  Fritz  Medal 

H.  R.  TowNE  (1) 
J.  A.  Brashear  (2) 
F.  R.  HuTTON  (3) 
J.  R.  Freeman  (4) 


Trustees  U.  E.  S. 

A.  C.  Humphreys  (1) 
F.  J.  Miller  (2) 
Jesse  M.  Smith  (3) 


SPECIAL  COMMITTEES 


Research  Committee.    Sub- 
^e^  Committee  on  Steam 

R.  H.  Rice,  Chmn. 
C  J.  Bacon 
E.  J.  Berg 
W.  D.  Ennis 
L.  S.  Marks 
J.  F.  M.  Patitz 


Power  Tests 

D.  S.  Jacobus,  Chmn. 
G.  H.  Barrus, F-C/imri. 

E.  T.  Adams 

L.  P.  Breckenridge 
William  Kent 
E.  F.  Miller 
Arthur  West 
A.  C.  Wood 


Student  Branches 

F.  R.  HuTTON,  Chmn. 
Wm.  Kent 
Geo.  a.  Orrok 

Research  Committee.  Sub- 
Committee  on  Materials  of 
Electrical  Engineering 

R.  D.  Mershon 


Not© — Numbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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Refrigeration 

D.  S.  Jacobus,  Chmn. 
P.  De  C.  Ball 

E.  F.  Miller 

A.  P.  Trautwein 
G.  T.  Voorhees 

InTOlute  Gears 

Wilfred  Lewis,  Chmn. 
Hugo  Bilgram 
E.  R.  Fellows 
C.  R.  Gabriel 
C.  G.  Lanza 


Committee  on  Bureau  of  In- 
formation Respecting  En- 
gineering Standards  in  all 
Countries 

Henry  Hess,  Chmn. 
J.  H.  Barr 
Charles  Day 
C.  J.  Davidson 
Carl  Schwartz 


Standard   Cross-Section 
Symbols 

H.  deB.  PARSONS,Chmn 
F.  deR.  Furman 
A.  E.  Norton 
Bradley  Stoughton 
John  W.  Upp 


Flanges 

H.  G.  Stott,  Chmn. 

A.  C.  ASHTON 

W.  M.  McFarland 
Wm.  Schwanhausser 
J.  P.  Sparrow 

Code  of  Ethics 

C.  W.  Baker,  Chmn. 
C.  T.  Main 
E.  D.  Meier 
Spencer  Miller 
C.  R.  Richards 


Conference  Committee  on  En- 
gineering Standards 

H.  G.  Stott,  Chmn. 
A.  F.  Ganz 
Carl  Schwartz 


Conserratlon 

G.  F.  Swain,  Chmn. 
C.  W.  Baker 
l.  d.  burlingame 
M.  L.  Holman 
Calvin  W.  Rice 

Committee  on  National 
Museum 

E.  D.  Meier,  Chmn. 
G.  F.  KuNz 
George  Mesta 
H.  G.  Reist 
Ambrose  Swasey 

Standardization  of  Catalogues 

Wm.  Kent,  Chmn. 
J.  R.  Bibbins 
M.  L.  Cooke 
W.  B.  Snow 

Pipe  Threads 

E.  M.  Herr,  Chmn. 
W.  J.  Baldwin 

L.  V.  Benet,  Paris 

Representative 
G.  M.  Bond 
S.  G.  Flagg,  Jr. 

Increase  of  Membership 

I.  E.  Moultrop,  Chmn. 

F.  H.  Colvin 
H.  V.  O.  Goes 

J.  V.  V.  Colwell 
R.  M.  DtxoN 
W.  R.  Dunn 
J.  P.  Ilsley 

E.  B.  Katte 

R.  B.  Sheridan 
H.  Struckmann 

Tolerances  in  Screw  Thread 
Fits 

L.  D.  Burlingame, 
Chmn. 
Elwood  Burdsall 

F.  G.  COBURN 
F.  H.  CoLVIN 

A.  A.  Fuller 
James  Hartness 
H,  M.  Leland 
W.  R.  Porter 
F.  O.  Wells 


Research    Committee.       Sub- 
committee on  Safety  Valvea 

P.  G.  Darling,  Chmn. 
H.  D.  Gordon 

E.  F.  Miller 

F.  L.  Pryor 
F.  M.  Whyte 


Committee  to  Formulate 
Standard  Specifications  for 
the  Construction  of  Steam 
Boilers  and  other  Pressure 
Vessels  and  for  Care  of 
Same  in  Service 

J.  A.  Stevens,  Chmn. 
W.  H.  Boehm 
R.  C.  Carpenter 
Richard  Hammond 
C.  L.  Huston 
H.  C.  Meinholtz 
E.  F.  Miller 


Constitution  and  By-Laws 

Jesse  M.  Smith,  Chmn. 
G.  M.  Basford 
F.  R.  Hutton 

D.  S.  Jacobus 

E.  D.  Meier 


Changes  in  the  Patent  Laws 
of  U.  S. 

W.  H.  Blauvelt 
B.  F.  Wood 
Carl  Thomas 
Edward  Weston 
W.  E.  Winship 


On  Arrangements  Leipzig 
Meeting  1913 

E.  D.  Meier,  Chmn. 
J.  W.  Lieb, Jr.,  F-C/imn 
W.  F.  M.  Goss,  Pres. 
C.  W.  Baker 

A.  C.  Humphreys 
W.  H.  Wiley 
Calvin  W.  Rice, 

Secretary,  ex-officio 
Society  History 

J.  E.  Sweet,  Chmn. 

F.  R.  Hutton,  Seey. 
H.  H.  Suplee 
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Committee    on    International 
Engineering  Congress    1915 

The  President 
The  Secretary 
w.  f.  durand 
R.  S.  Moore 
T.  W.  Ransom 
C.  R.  Weymouth 

Nominating  Committee 

John  R.  Freeman,  Chmn. 
Chas.  T.  Main 
Thos.  Morrin 
Fred.  Sargent 
C.  C.  Thomas 


Chairmen   of  Sub-Committees    of   Com- 
mittee on  Increase  of  Membership 

Boston,  A.  L.  Williston 
Buffalo,  W.  H.  Carrier 
Chicago,  Fay  Woodmansee 
Cincinnati,  J.  T.  Faig 
Detroit,  H.  W.  Alden 
New  York,  J.  A.  Kinkead 
Philadelphia,  T.  C.  McBride 
St.  Louis,  John  Hunter 
St.  Paul,  Max  Toltz 
San  Francisco,  Thomas  Morrin 
Seattle,  R.  M.  Dyer 


SUB-COMMITTEES  OF  THE  COMMITTEE   ON  MEETINGS 


Cement  Manufacture 

J.  G.  Bergquist,  Chmn. 

H.J. Seaman,  V-Chmn. 

G.  S.  Brown 

W.  R.  Dunn 

F.  W.  Kelley 

Morris  Kind 

F.  H.  Lewis 

W.  H.  Mason 

R.  K.  Meade 

Ejnar  Posselt 

H.  Struckmann 

A.  C.  Tagge 

P.  H.  Wilson 


Machine  Shop  Practice 

F.  E.  Rogers,  Chmn. 
L.  D.  Burlingame 
W.  L.  Clark 
A.  L.  DeLeeuw 

W.  H.  DiEFENDOEF 

F.  L.  Eberhardt 
F.  A.  Errington 
A.  J.  Fuller 
H.  D.  Gordon 
H.  K.  Hathaway 
Alex.  Kearney 
Wm.  Lodge 


Iron  and  Steel 

Jos.  Morgan,  Chmn. 
Thos.  Towne,  Secy. 
W.  P.  Barba 
F.  F.  Beall 
Rogers  Birnie 
A.  L.  Colby 
Julian  Kennedy 
M.  T.  Lothrop 
W.  E.  Snyder 
J.  T.  Wallis 
R.  M.  Watt 

Hoisting  and  Conyeying 

R.  B.  Sheridan,  Chmn. 
C.  K.  Baldwin 
Alex.  C.  Brown 
O.  G.  Dale 

P.  J.  FiCKINGER 

f.  e.  hulett 
Spencer  Miller 
A.  L.  Roberts 
Harry  Sawyer 

Air  Machinery 

F.  W.  O'Neil,  Chmn. 
H.  V.  Conrad 
William  Prellwitz 
R.  H.  Rice 


Industrial  Building 

F.  A.  Waldron,  Chmn. 
Charles  Day 
William  Dalton 
J.  O.  DeWolf 
F.  B.  Gilbreth 
C.  T.  Main 


Railroads 

E.  B. 
G.  M. 
W.  G. 
A.  H. 
T.  N. 
W.  F. 
A.  L. 
W.  F. 
W.  B. 
N.  W. 
H.  H. 
R.  V. 


Katte,  Chmn. 
Basford 
Besler 
Ehle 
Ely 

M.  Goss 
Humphreys 
Kiesel 
Potter 
Storer 
Vaughan 
Wright 


Fire  Protection 

J.  R.  Freeman,  Chmn. 

E.  V.  French, 

Vice-Chmn. 
Albert  Blauvelt 

F.  M.  Griswold 
H.  F.  J.  Porter 
T.  W.  Ransom 

I.  H.  WOOLSON 


Textiles 

C.  T.  Plunkett,  Chmn. 
E.  W.  Thomas,  Secy. 

D.  M.  Bates 
John  Eccles 

E.  D.  France 

E.  F.  Greene 

F.  W.  HOBBS 

C.  R.  Makepeace 
C.  H.  Manning 
H.  F.  Mansfield 


Administration 

J.  M.  Dodge,  Chmn. 
L.  P.  Alford,  Secy. 
D.  M.  Bates 
H.  A.  Evans 
Wilfred  Lewis 
W.  L.  Lyall 
W.  B.  Tardy 
H.  R.  Towne 
H.  H.  Vaughan 
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GEOGRAPHICAL  SECTIONS  OF  THE  SOCIETY 


St.  LouU 

E.  L.  Ohle,  Chmn. 

F.  E.  Bausch,  Secy. 
F.  N.  Jewett 
John  Hunter 

l.  c.  nordmeyeb 


San  Frandsoo 

A.  M.  Hunt,  Chmn. 
T.  W.  Ransom,  Secy. 

W.  F.  DURAND 

E.  C.  Jones 
Thos.  Morrin 


Clacimuitl 

A.  L.  DeLeeuw,  Chmn. 
J.  T.  Faig,  Secy. 
W.  G.  Franz 
G.  W.  Galbraith 
L.  H.  Thullen 


LOCAL  MEETINGS  OF  THE  SOCIETY 


Boston  New  York 

Henry  Bartlett,  Chmn.  F.  A.  Waldron,  Chmn. 
R.  E.  Curtis,  Secy.  Edward  Van  Winkle, <Sec2/. 

H.  N.  Dawes  R.  V.  Wright,  Treas. 

W.  G.  Snow  H,  R.  Cobleigh 

A.  L.  Williston  J.  J.  Swan 


PhUadelphla 

A.  C.  Jackson,  Chmn. 
D.  R.  Yarnall,  Secy. 
J.  E.  Gibson 
W.  C.  Kerr 
T.  C.  McBride 


Chlcatfo 

P.  M.  Chamberlain, 
P.  P.  Bird  [Chmn. 

H.  A.  Bogardus 
G.  F.  Gebhardt 
A.  L.  Rice 


New  Haven 

E.  S.  Cooley,  Chmn. 

E.  H.  LocKWOOD,  Secy. 

F.  L.  Bigelow 

L.  P.  Breckenridgb 
H.  B.  Sargent 


OFFICERS  OF  THE  GAS  POWER  SECTION 


Chairman 

F.  R.  Button 

Gas   Power  Executive   Com- 
mittee 

C.  H.  Benjamin  (1) 
W.  H.  Blauvelt  (3) 
W.  D.  Ennis  (5) 
H.  J.  K.  Fretn  (1) 
F.  R.  Low  (2) 

I.  E.  MoUliTROP  (4) 

H.  H.  Supplee  (1) 


Secretary 

Geo.  a.  Orrok 

Gas  Power  Literature  Com-         Gas  Power  Membership  Com- 


mittee 

R.  B.  Bloemeke,  Chmn. 
A.  W.  H.  Griepe 
W.  F.  Monaghan 
W.  S.  Morrison 
S.  I.  Oesterreicher 
H.  G.  Wolfe 


Gas  Power  Committee  on  Meetings 

Wm.  T.  Magruder,  Chmn.      E.  D.  Dreyfus 
W.  H.  Blauvelt  A.  H.  Goldingham 


mlttee 

A.  F.  Stillman,  Chmn. 
H.  V.  O.  Goes 
J.  H.  Lawrence 

F.  S.  King 

J.  H.  NORRIS 

G.  M.  S.  Tait 
J.  D.  Shaw 

H.  W.  Anderson 
C.  D.  Smith 

NiSBET  LaTTA 

H.  B.  MacFarland 


OFFICERS  OF  AFFILIATED  SOCIETY 

Providence  Association  of  Mechanical  Engineers 


T.  M.  Phetteplace,  Pres. 
J.  A.  Brooks,  Secy. 


W.  H.  Paine   Vice-Pres. 
A.  H.  Whatley,  Treas. 


Note — Numbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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OFFICERS  OF  THE  STUDENT  BRANCHES 


INSTITDTION 

DATE 
AUTHORIZED 
BY  COUNCIL 

HONORARY 
CHAIRMAN 

CHAIRMAN 

CORRE8PONDINQ 
SECRETARY 

Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

E.  R.  Burley,  Jr. 

H.  R.  Kuehn 

Brooklyn  Poly.  Inst. 

Mar.  9,  1909 

W.  D.  Ennis 

B.  L.  Huestis 

A.  Bielek 

Case  School  of  Applied 

Science 

Feb.14,  1913 

F.  H.  Vose 

H.  S.  Smith 

R.  C.  Heinmiller 

Columbia  University 

Nov.  9.  1909 

Chas.  E.  Lucke 

E.  M.  Stone 

E.  A.  Jareckie 

Cornell  University 

Dec.  4,  1908 

R.  C.  Carpenter 

S.  D.  Mills 

D.  S.  Wegg,  Jr. 

Lehigh  University 

June  2,  1911 

P.  B.  de  Schweinitz 

E.  E.  Finn 

J.  F.  Beers,  Jr. 

LeiandStanfordJr.Univ. 

Mar.  9,  1909 

W.  F.  Durand 

C.  T.  Keefer 

K.  J.  Marshall 

Mass.  Inst,  of  Tech. 

Nov.  9,  1909 

E.  F.  Miller 

J.  G.  Russell 

J.  B.  Farwell 

New  York  University 

Nov.  9,  1909 

C.  E.  Houghton 

Ohio  State  University 

Jan.lO,  1911 

Wm.  T.  Magruder 

R.  H.  Neilan 

R.  M.  Powell 

Penna.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

J.  F.  Blank 

G.  W.  Barger 

Purdue  University 

Mar.  9.  1909 

G.  A.  Young 

L.  L.  Savage 

W.  B.  Stephenson 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

E.  Kneass 

R.  F.  Fox 

State  Univ.  of  Iowa 

Apr.  11, 1913 

R.  S.  Wilbur 

Geo.  J.  Keller 

L.  Garmes 

State  Univ.  of  Ky. 

Jan.lO,  1911 

F.  P.  Anderson 

R.  R.  Taliaferro 

F.  J.  Forsyth 

Stevens  Inst,  of  Tech. 

Dec.  4,  1908 

Alex.  C.  Humphreys 

L.  F.  Bayer 

C.  H.  Colvin 

Syracuse  University 

Dec.  3,  1911 

W.  E.  Ninde 

O.W.Sanderson 

R.  A.  Sherwood 

Univ.  of  Arkansas 

Apr.l2.  1910 

B.  N.  Wilson 

M.  McGill 

C.  Bethel 

Univ.  of  California 

Feb.l3,  1912 

Joseph  N.  LeConte 

J.  F.  Ball 

G.  H.  Hagar 

Univ.  of  Cincinnati 

Nov.  9,  1909 

J.  T.  Faig 

C.  W.  Lytle 

A.  O.  Hurxthal 

Univ.  of  Illinois 

Nov.  9,  1909 

W.  F.  M.  Goss 

C.  A.  Schoessel 

E.  M.  McCormick 

University  of  Kansas 

Mar.  9,  1909 

F.  W.  Sibley 

E.A.VanHouten 

L.  E.  Knerr 

Univ.  of  Maine 

Feb.  8,  1910 

Arthur  C.  Jewett 

E.  H.  Bigelow 

0.  H.  Davis 

Univ.  of  Missouri 

Dec.  7.  1909 

H.  Wade  Hibbard 

W.  P.  Jesse 

R.  Runge 

Univ.  of  Nebraska 

Dec.  7.  1909 

J.  D.  Hoffman 

P.  S.  Toney 

M.  C.  Evans 

Univ.  of  Wisconsin 

Nov.  9,  1909 

A.  G.  Christie 

W.K.  Fitch 

J.  W.  Griswold 

Washington  University 

Mar.10,1911 

E.  L.  Ohle 

D.  Southerland 

A.  Schleiffanh 

Yale  University 

Oct.  11,  1910 

L.P.Breckenridge 

C.  E.  Booth 

O.  D.  Covell 
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THE     WARNER    &     S WA S E Y     COMPANY 

Works  and  Main  Office :  CLEVELAND,  U.   S.  A. 

Branch  Offices :      NEW    YORK,   BOSTON,    DETROIT    and   CHICAGO 


TURRET  LATHES 


TURRET  SCREW  MACHINES 


BRASS-WORKING  MACHINE  TOOLS 


Turret    Screw     Machines 

Great  productive  capacity — adaptability   and   mechanical   refinement — the  result  of 
thirty  years'  experience  devoted  to  the  highest  standard  of  construction. 


No.  8 — 35^8"  bar  capacity;  20"  swing 

Five  sizes — |  to  3f"  bar  capacity;  10  to  20"  swing. 

Turret  Lathe  equipments  planned,  estimates  of  output  furnished,  or  representative 

will  visit  you. 


Uniform  Efficiency 

IS  INDUCED  BY 

Brisfol  Becorileis 


Many  users  have  testified 
that  Bristol's  Recording  In- 
struments have  helped  them 
to  maintain  uniformly  efficient 
operating  conditions.  The  con- 
tinuous night  and  day  ink  rec- 
ords traced  automatically  by 
these  recorders  on  round  paper 
charts  show  actual  results  ob- 
tained, and  will  help  you  as 
they  have  thousands  of  others. 

Write  for  Bulletin  C-1300 
and  recommendations. 

THE  BRISTOL  GOmPPNY 

Waterbury,  Conn.   4016 


EXTRACTS  FROM  THE  BOOK  OF  THE 
HARTNESS    FLAT    TURRET    LATHE 

Copies  cheerfully  mailed  on  request 

JONES  &  LAMSON 

MACHINE 
COMPANY 

SPRINGFIELD,  VT.,  U.  S.  A. 

Queen  Victoria  St.,  London,  E.  C. 

France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray, 
9  and  11  Rue  des  Envierges,  Paris.  Italy,  W.  Vogel, 
Milan.  Germany,  Holland,  Belgium.  Switzerland, 
Austria-Hungary.  M.  Kovemann,  Charlottenstrasse 
112,  Dusseldorf!  GuriLauy. 


2  X  24-inch  Flat  Turret  Lathe  with  Cross  Shding  Head,   Equipped   for    Bar  Work 

(Countershaft  Drive) 


2  X  24-inch  Flat  Turret  Lathe  with  Cross  SHding  Head,  Equipped 
for  Bar  Work  (Motor  Drive) 

The  Hartness  Flat  Turret  Lathe  with  cross  sHding  head 
is  made  in  two  sizes,  and  may  be  furnished  with  an  equip- 
ment of  tools  for  either  bar  work  or  chuck  work,  or  a  double 
equipment  for  both  bar  and  chuck  work. 

The  smaller  machine,  shown  above  and  on  preceding  page, 
is  called  the  2  x  24-inch,  and  when  equipped  with  the  auto- 
matic die  outfit  of  tools  it  turns  nearly  every  conceivable 
shape  under  dimension  of  23^  inches  diameter  and  24  inches 
of  length.  The  hole  through  the  spindle  is  now  made  23/^ 
inches.  For  various  details  of  working  range  and  outfit  for 
bar  work,  see  pages  14  to  44.     Itemized  outfit,  pages  86  and 

^^'         .  .  . 

This  machine,  equipped  for  chuck  work,  is  described  on 

pages  45  to  85.    See  also  pages  22  to  26. 

The  machine  may  be  ordered  wnth  either  the  chucking 

or  bar  outfit,  and  supplied  later  with  the  other  outfit,  if  for 

any  reason  the  machine  should  be  changed  from  bar  to  chuck 

work,  or  vice  versa.     Since  the  chucking  outfit  is  compara- 

ively   inexpensive,    it    is    frequently   ordered    with    the    bar 

outfit  of  one  or  more  machines  of  a  lot,  so  that  at  least  one 

machine  may  be  used  on  short  notice  for  chuck  work. 


50  b.  p.  G.  E.  Motor  driving  90"  driving  wheel  latlje — pusti  button  control 

Correct  Speeds  Save  Money 
on  Car  Wheel  Lathes 

Often  the  most  economical  cutting  lies  between  two  available 
speeds.  One  would  burn  or  take  the  edge  off  the  tools  while  the 
other  is  too  slow. 

The  General  Electric  Company  has  developed  a  motor  drive 
for  car  wheel  lathes  which  gives  any  speed  desired  between  a  motor 
speed  of  500  and  1000. 

In  the  illustration  shown  a  three-button  push  button  station  is 
seen  convenient  to  right  hand  of  operator.  Buttons  marked  "start," 
"stop,"  and  "slow"  give  instant  control  due  to  an  automatic  slow 
or  quick  braking  arrangement. 

The  motor  used  is  self  ventilating,  has  the  highest  all-round 
efficiency  commercially  practicable  and  a  large  overload  capacity. 

General  Electric  Company 


Atlanta,  Ga. 
Baltimore,  Md. 
Btrmlngham   Ala. 
Boise,  Idalio 
Boston,  Mass. 
Buffalo,  N.  Y. 
Butte,  Mont. 
Charleston,  W.  Va. 
Charlotte,  N.  C. 
Chattanooga,  Tenn. 
Chicago,  III. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columbus,  OUo 
Davenport,  Iowa 
Dayton,  Ohio 
Denver,  Colo. 


Largest  Electrical  Manufacturer  in  the  World 

General  Office  :    Schenectady,  N.  Y. 
ADDRESS    NEAREST    OFFICE 


Detroit,  Mich. 
(Office  of  Agent) 
Elmira,  N.  Y. 
Erie,  Pa. 

Indianapolis,  Ind. 
Jaclisonvnie,  Fia. 
Joplin,  Mo. 
Kansas  City,  Mo. 
Keokuk,  Iowa 
Knoxvllle,  Tenn. 
IjOS  Angeles,  Cal. 


Louisville,  Ky. 
Mattoon,  111. 
Memphis,  Tenn. 
Milwaukee,  Wis. 
Minneapolis,  Minn. 
Nashville,  Tenn. 
New  Haven,  Conn. 
New  Orleans,  La. 
New  York,  N.  Y. 
Omaha,  Neb. 
PUladelphia,  Pa. 


Pittsburg,  Pa. 
Portland,  Ore. 
Providence,  R.  I. 
Richmond,  Va. 
Rochester,  N.  Y. 
Salt  Lake  Clty,Utah 
San  Francisco,  Cai. 
St.  Louis,  Mo. 
Schenectady,  N.  Y. 
Seattle,  Wash. 
Spokane,  Wash. 
Springfield,  Mass. 
Syracuse,  N.  Y. 
Toledo.  Ohio 
Washington,  D.  C. 
Youngstown,  Ohio 


For  Texas  and  Oklahoma  business  refer  to  Southwest  General  Electric  Co.,  (formerly  Hobson  Electric  Co.) 
— Dallas,  El  Paso,  Houston  and  Oklahoma  City.     For  Canadian  business  refer  to  Canadian 

General  Electric  Company,  Lfd,  Toronto,  Ont.  4002 
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WE  CAN  SHOW  YOU 

HOW  TO  CUT  COST  OF 
HANDLING  ALL  LOADS 


Sprague  Electric  Hoist  Operating  on  Runway  in  Large  Machine  Shop. 

PUT  YOUR  SHOP  ON  A  SCIENTIFIC  BASIS 

_  Keep  your  men  and  tools  busy  by  eliminating  all  delays  and  con- 
fusion in  handling  work. 

SPRAGUE  ELECTRIC  HOISTS 

have  proved  particularly  effective  when  operating  on  swinging  jibs  in  in- 
dividual or  group  tool  service.     When  installed  on  an  I-beam  runway  they 
can  in  many  cases  entirely  release  the  heavy  shop  crane  for  other  work. 
Let  our  engineers  help  you  with  your  hoist  problems. 
Write  for  Pamphlet  No.  90160. 

SPRAGUE  ELECTRIC  WORKS 

OF  GENERAL  ELECTRIC  COMPANY 

Main  Offices:  527-531  West  34tli  St.,  New  York 

Branch  Offices  in  Principal  Cities 
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WHEELING  MOLD  &  FOUNDRY  CO. 

WHEELING,  W.  VA. 
Pittsburgh  Office,  Farmers  Bank  Bldg.  New  York  Office,  1401  Singer  Tower 

Steel  Castings 

to  100.000  pounds 

Chilled  Rolls 
Steel  Rolls 
Sand  Rolls 


Steel  Works 
Equipment 

Special  Machinery 

Cut  Gears 

No  work  too  big  for  us 
800  men  employed 


Bloom  Shear 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   ^vith    one-half' 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Tupe 
LARGE   SIZES— Four   Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

UAKUIACTURZD  UNDER  DAVY  BEOS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

g300    FARMERS'    BANK    BUILDING PITTSBURG.    PA- 

G 


Man-And- 
Minute-Savers 


The  great  problem  of  every  manufacturer  is  to 
increase  the  productive  capacity  of  his  work- 
ing force — to  crowd  into  every  minute  all 
the  productive  work  possible — to  get  from 
every  man  the  maximum  of  productive  effort. 

The  minutes  used  in  lifting,  moving,  adjusting 
work  and  materials  are  non-productive  min- 
utes. The  man-power  used  for  the  same 
purpose  is  non-productive  effort. 

These  minutes  —  this  man-power  —  can  be 
conserved  and  turned  into  productive 
channels  by  adopting  "IMPERIAL"  AIR 
HOISTS  —  pre-eminently  a  man-and- 
minute  saver. 

The  cost  of  installation  and  operation  will  be 
a  mere  bagatelle  compared  to  the  annual 
savings  and  increased  productive  capacity 
realized. 


INGERSOLL-RAND    CO. 

New  York  London 

OFFICES  THE  WORLD  OVER 

Compressors  Air  Tools  Sand  Rammers 


THE  NASH  ENGINE 

ILLUMINATING  NATURAL  OR  PRODUGKR  GAS. 

IS  THE  MOST  RELIABLE  AND  ECONOMICAL. 


NATIONAL  METER  COMPANY 


CHICAGO 


NEW  YORK 


BOSTON 


Relative 
Economy 


LriCCSOn  Hot  Aib  Engine 
I^HH    Simple    Automatic   Non- Condensing  Steam  Engine 
^^^^^H^^^^HI^H  Compound  Condensing  CopuS5  Steam  CnGin£ 
^^^^H^^^^^H^IB  Gasoline  ^Ingine 
^^^■■■^■^^^^■■^^■■■■^H  DlLaVlrgne  4Cyclc  Gas  ENCiNt 


^^^^^^^^^^^^■i^^Mi^^^^B^MB  De  La  Vergnc  Oil  Engine 

type'fm" 

To  the  power-consuming  manufacturer  the  subject  of  economical  prime 
movers  is  one  of  rapidly  increasing  importance. 

The  fuel  consumption  of  an  engine  depends  on  two  factors — its  mechani- 
cal efficiency  and  its  thermal  efficiency. 

In  all  modern  engines  the  mechanical  efificiency  has  reached  the  limit  beyond 
which  it  cannot  go. 

To  decrease  fuel  consumption  we  must  therefore  increase  thermal 
efficiency.    Thermal  efficiency  is  a  measure  of  economy. 

The  diagram  above  indicates  the  thermal  efficiency  of  the  De  La  Vergne  type 
"FH"  oil  engine  in  comparison  with  the  thermal  efficiencies  of  various  other 
heat  engines.  The  lengths  of  the  respective  bars  represent  the  highest  thermal 
efficiency  (referred  to  delivered  horse-power)  reported  by  various  authorities  for 
the  different  engines. 

Our  bulletin  No.  112  tells  you  more  about  the  De  La  Vergne  type  "FH"  oil 
engine.     It  is  sent  free  on  request. 


1123 

East   138th 

Street 


DE   LA  VERGNE 

MACHINE  COMPANY. 

We  also  build  Gas  Engines  and  Refrigerating  Machines 


New  York 

City. 
New  York 


WESTON 

Miniature  Precision  Instruments 

FOR  DIRECT  CURRENT 


Accurate 
Durable 
Reliable 
Beautiful 


This  new  line  of  very  small  Instruments  represents  the  highest  development 
in  the  Art  of  Manufacturing  Electrical  Measuring  Instruments  of  low  capa- 
cities for  commercial  work. 

They  embody  a  refinement  in  design  and  Mechanical  and  Electrical  detail 
and  workmanship  which  would  seem  to  be  impossible  of  attainment  if  the 
results  were  not  present  in  the  instruments  themselves. 
They  possess  the  characteristics  and  high  grade  qualities  of^ the' well! known 
Weston  Standai'd  Instruments;  they  are  Dead-heat — Accurate — Durable. 
The  prices  are  sufficiently  low  that  any  one  can  afford  to  own  one  of  these 
attractive  instruments. 

Send  for  Bulletin  No.  8  which  gives  full  description  and 
lists  of  over  300  ranges  and  types  for  various  purposes. 

WESTON  ELECTRICAL  INSTRUMENT  CO.,  Newark,  N.  J. 


THE  GARVIN  MACHINE  COMPANY 

Manufacturers  of 

MILLING    MACHINES 

all    Styles   and  Sizes 

SCREW   MACHINES 

MONITOR   LATHES 

FORMING    MACHINES 

CAM   CUTTING 

MACHINES 

TAPPING   MACHINES 

SLOTTING   MACHINES 

DRILL   PRESSES 

CUTTER  GRINDERS 

DUPLEX   HORIZONTAL 

DRILLS 

HAND  LATHES 

SPRING  COILERS 

and 

SPECIAL  MACHINERY 


No.  I  }/2  Universal  Milling  Machine 
Adjustments:  20x7x18  in.    Use  Code— Aneroid 


OFFICE   AND  WORKS 

137  Varick  Street 

NEW  YORK  CITY 

Visitors  Welcome 


HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  luird  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  munnner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  system  s  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin   "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


LUNKENHEiER  "VICTOR"  6A1E  VALVES 

Made  in  Standard,  Medium,  Heavy  and  Extra 
Heavy  Iron  Body  Brass  Mounted  Patterns,  "Pud- 
dled" Semi-Steel  and  Cast  Steel,  with  either 
St(dionary  Stem  or  Outside  Screw  and  Yoke,  and 
tvith  or  ituthout  By-pass. 

The  valves  are  double  seated,  can  be  packed 
under  pressure  and  all  parts  subjected  to  wear 
are  renewable.  Lunkenheimer  "Victor^'  Gate 
Valves  are  made  entirely  of  Iron  for  use  in  handling- 
cyanides  and  other  acitls  which  attack  brass. 

Specify  and  insist  upon  securing  genuine 
Lunkenheimer  make.  Do  not  accept  substitutes, 
they  are  never  as  good  as  the  genuine. 

Your  local  dealer  can  furnish  them  ;  if  not, 
write  us.     Write  for  catalogue. 

THE  LUNKENHEIMER  COMPANY 

Largest    Manufacturers    of    High    Grade    Engineering    Specialties    in    the    World 
General  Offices  and  Works:   CINCINNATI,  OHIO,   U.  S.  A. 


New  York, 
64-68  Fulton  St. 


Chicago, 
186  N.  Dearborn  St. 


Boston, 
138  High  St. 


London,  S.  E., 
35  Great  Dover  St. 


lU 


Hammond  Water  Meters 

BUILT  TO  MEASURE 

Any  Liquid 

IN 

Any  Quantity 

AT 

Any  Temperature 

WITH 

Absolute  Accuracy 


Write  for  Bulletin  100-R 


Alberger  Pump  and  Con- 
denser Co. 

140  Cedar  Street,  New  York 

Branch  Offlcea — Chicago,  Pittsburg, 
St.  Louis,  Boston,  Atlanta,  San  Fran- 
cisco, Denver. 


Goulds  Pump  Reliability  Insures  Contractors 

on  the  Catskill  Aqueduct 
Against   Interruptions 

On  the  greatest  underground  engineering 
project  in  the  world  Goulds  Pumps  are 
used  to  remove  the  seepage  water  which 
would  soon  make  work  impossible.  A  failure 
of  the  pumps  would  stop  the  progress  of 
the  work  and  cause  an  enormous  loss  in 
time  and  money. 


Wherever  working  efficiency  and  the 
safety  of  property  and  life  depend  upon 
the  pumping  equipment,  Goulds  Reliable 
Pumps  are  the  contractor's  choice. 

Ask  for  Bound  Set  of  Bulletins  giving 
complete  specifications  on  Power  Pumps 
for  Every  Service. 


A  Goulds  Pump  in  the  Catskill 
Aqueduct  at  123rd  St.,  New  York 
City  —  475     ft.     below     ground. 


78  W.  Fall  Street         Seneca  Falls,  New  York,  U.  S.  A. 
Branches  in  Principal  Cities 
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CTHE  TRIPLEX  BLOCK> 


Efficiency 

In 
Production 


MACHINES,  (■(|iiipmcnt  and  men 
have  been  si  udied.  Engineens 
liav(!  d(;tiTniined  liow  efficient  tlicy 
isliould  be. 

Shop  and  i)lant  arrangements  have 
been  studied.  Engineers  locate  ma- 
chinery for  efficient  work. 

We  have  made  a  different  study — 
how  to  provide  for  the  vital  factor  in 
production — the  prompt  movement 
of  the  material  without  which  ma- 
chines, equipment  and  men  could  not 
work.  We  have  determined  how  to 
increase  active  periods  of  men  and 
machines. 

The  Book  of  Hoists  (E-17)  is  tlie  report  of 
our  long  study.  It  shows  how  Triplex  Blocks 
and  trolleys  on  overhead  track  are  solving  this 
vital  problem — the  elimination  of  load  hand- 
ling delays.  Write  surely,  for  your  copy 
today. 

TRIPLEX)  i6  sizes:  One-fourth  of  a  ton  to  forty  tons.         Each  block  tested^to 
BLOCKS   J  300  Active  Stocks  all  over  the  United  States.     50  per  cent  overload 

THE  YALE  &  TOWNE  MFG.  COMPANY 


HOl.ST.'i 


/ 


Also  Duplex  Blocks,  Differential 
Blocks,     and     Electric     Hoists 


C^LE) 


9  E.  40th;Street,  New.York. 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 

JOHN    A.    ROEBLING'S    SONS    COMPANY 

TRENTON,   N.  J. 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


Cleveland 
Seattle 
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More  Evidence  of  the  Superiority 
of  Jeffrey  Machiinery 

DISPOSAL  OF 
GARBAGE 

Columbus,  Ohio,  boasts  of 
a  model  Municipal  Garbage 
Reduction  Plant,  probably 
the  one  plant  in  this  country 
that  is  being  operated  at  a 
profit. 

T Jeffrey  Scraper  Conveyer  Handling  Garbage. 

JEFFREY    CONVEYING    SYSTEMS    are  used   throughout   this   plant.      The 

engineer  in  charge,  in  speaking  of  them,  says: 

"The  Jeffrey  Type  of  Conveyors  are  undoubtedly  the  most  practical  and 
economical  for  handling  garbage.     The  care  and  cost  of  upkeep  is  indeed 

Send  for  full  particulars 

JEFFREY    MFG.    CO.,    COLUMBUS,   O. 


New  York 
Cleveland 


Pittsburg 
Chicago 


Birmingham 
Philadelphia 


Denver 
Montreal 


Boston 


Mines  Throughout  the  Whole 
World  are  Using 

LONGLIFE 

Conveyor  Belts 

IN   AMERICA 

IS, (101)  feet  of  it  was  shipped  last  year  to  the  various  plants  of  one  of  the  largest  smelting 
iiiul  ntiniug  concerns  in  America.  Among  the  American  users  are  :  Desert  Power  &  Mill 
Ccj.,  Steptoe  Valley  Smelting  &  Refining  Co.,  Utah  Copper  Co.,  American  Smelting  & 
Kefiuiug  Co.,  Old  Dominion  Copper  Mining  Co.,  Anaconda  Copper  Mining  Co.,  American 
Boston  Mining  Co. 

ABROAD 

When  mining  concerns  from  all  parts  of  the  world — undoubtedly  having  mining  problems 
similar  to  yours — come  back  repeatedly  with  orders  covering  their  conveyor  belt  require- 
ments, what  stronger  evidence  of  merit  can  you  ask  ? 


In  Yoitr  Next  Requisition  Specify  Longlife   Conveyor  Belt 


THE  B.  F.  GOODRICH  CO. 

Makers  of  Goodrich  Tires  and  Everything  that's  Best  in  Rubber 
Factories— AKRON,  OHIO.      Branches  in  all  Leading  Cities 
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MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


lil'*' ALLIANCE     <^Bk.      OHIO        *"' C©, 


Elevators 


Papers  read  before  The  American  Society  of  Mechanical  Engineers 


No. 

820  Elevator,  C.  R.  Pratt 

940  Elevator  Safeties,  C.  R.  Pratt 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton. 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann. 

1161  A  High-Speed  Elevator,  C.  R.  Pratt. 


1300    Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton. 


Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


Price 

$0,50 
.10 
.10 
.30 
.40 
^ 

$1.50 


Hoisting   Engines 
of  CLYDE  Grade 

represent  the  highest   notch  in  money-and-time  saving 
efficiency. 

You  cannot  pay   less   and    get   the  same  effi- 
,2:^      ciency.     You  cannot  get  greater  efficiency,  how- 
r\  ever  much  you  pay. 

CLYDE  IRON  WORKS 

Manufacturers     of     CLYDE-GRADE    Hoisting     Machinery 

at  nululli.  Miuiiesuta.   U.  K.  A. 

"Call  for  Catalog  No.  33" 
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Model  A  Reducers— Ratios  4:1  up  to  1600:1 

The  many  excellent  features  em- 
bodied in  this  style  tend  to  make 
it  a  most  desirable  and  attractive 
drive,  and  we  can  highly  recommend 
it  to  any  one  in  the  market  for  a  first 
class  speed  reducing  transmission. 

Particularly  adapted  to  heavy 
duty  and  continuous  service. 

Ask  for  Bulletin  E.  Send  for  Catalog  D 
on  Gut  Gearing  and  Incased  Worm 
Gear  Reductions. 

D.  O.  JAMES  MFG.  CO.,  1120-22  W.  Monroe  St.,  CHICAGO,  ILL. 


Power  Transmission  Appliances 


FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.    Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


THE  A.  &,  F.  BROWN  CO. 

ENGINEERS,    FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKSi    ELIZABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 

SALES    ROOM;   172    FULTON   ST., 
NEW  YORK  CITY 


No. 
1190 
1191 
1192 
1193 
1194 
1195 


Conveyors 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

Price 

Hoisting  and  Conveying  Machinery,  Titcomb $0.20 

Continuous  Conveying  of  Materials,  Peck .20 

The  Belt  Conveyor,  Baldwin .20 

Conveying  Machinery  in  a  Cement  Plant,  Tomlinson .10 

Performance  of  Belt  Conveyors,  Haddock .10 

Discussion  on  1190,  1191,  1192,  1193,  1194 M 

$1.10 

Price,  per  set,  $1.00  (Members'  rates  are  half  price) 

Address  Calvin  W  Rice,  Secretary,  29  West  39th  St.,  New  York 
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Simplex  not  Duplex 
*'To  be  simple 
is  to  be  great" 


Steam  and  Power  Pumping  Machinery 


-For  every  service 


Compound  Packed  Plunger  Pump. 


American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 

Our  No.  18  Catalogue  goes  into  detail*. 


American  Steam  Pump  Company, 


Battle  Creek,  Mich. 
U.  S.  A. 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  6 1-69  N.Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 

New  York  Office,  139-41  Cortlandt  Street 


Standard  Ball  and  Roller  Bearings 

Thrust  Bearings  in  capacities  up  to  2,000,000  pounds. 
Journal  Bearings  in  capacities  of  100,000  pounds,  and 
light  loads  at  25,000  R.P.M. 

Standard  Roller  Bearing  Company 

50th  Street  and  Lancaster  Ave.  Philadelphia,  Penna. 


INDIVIDUAL  SANITARY  WASH  BOWLS 


Arranged  In  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closlng  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 


Bend  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment.  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


MANUPACTURINa 


EQUIPMENT   &   ENQINEERINO    COMPANY.     BOSTON.     MASS. 

IG 


Green  Chain  Grate  Stokers 

For  Water  Tube  and  Tubular  Boilers 
GREEN  ENGINEERING  CO. 

Steger  Building  Chicago,  III. 

Catalogue   "  G  "—Green  Chain  Grate  Stokers  for  free   burning   bituminous   coals. 
Catalogue   "L" — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue   No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 
Sent  on  application 


WATER  TUBE,  INTERNAL  FURNACE  AND   RETURN  TUBULAR 

BOILERS 

ALL  WROUGHT  STEEL  CONSTRUCTION 

E.KEELER    COMPANY 

EstabUshed  1864  WILLIAMSPORT,  PA. 

New  York       Boston       Philadelphia      Pittsburgh      Chicago       San  Francisco 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  34  Federal  Sl 
PrrrSBCRGH,  Farmer?  Deposit  Bunk  BIdg 
SALT  LAKE  CITY,  313  Alias  Blodi 
CLEVELAND,  New  England  Bldg 
ir>S  ANr.F.I.KS.  American  Bank  BIdg 


BRANCH  OFFICES 
PHH-ADELPHIA,  North  American  Bldg. 
NEW  ORLEANS,  Sbubert  Arcade. 
CHICAGO.   Marquette  Bldg, 
PORTLAND,  ORE.,  Wells-Fargo  Bldg. 
SEATTLE.  Mutual  Life  Bldir 


SAN  FRANCISCO,  99  Fmt  Street 
DENVER,  435  Seventeenth  Sueei 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  1 16J  Calle  de  U  Ha 
CINCINNATI,  Traction  BldR 


SCOTCH  BOILERS 

DRY   AND   WATER    BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 


OSWEGO,  N.  Y. 
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THE  H.  B.   SMITH   CO. 


Westfield,  Mass. 
Boston 


New  York 
Philadelphia 


Manufacturers  of 

BOILERS  AND 
RADIATORS 

for 

Steam  and 

Water 

Warming 


Mills  Water  Tube  lioiler 


Compressed  Air 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

No. 

Price 

584 
804 

A  Note  on  Compressed  Air,  Frank  Richards $0.20 

A  Pneumatic  Despatch  Tube  System,  B.  C  Batcheller 30 

824 

New    System    of    Valves    for    Steam     Engines,    Air    Engines    and 
Compressors,  F.  W.  Gordon 20 

894 

Test  of  an  Hydraulic  Air  Compressor,  W.  0.  Webber 10 

1015 

Air  Motors  and  Air  Hammers,  M.  H.  Wickhorst 10 

1017 
1131 

Air  Improvement    in    Valve   Motion  of   Duplex    Air   Compressor, 
S.  H.  Bunnell  .                                           10 

A  High  Duty  Air  Compressor,  0.  P.  Hood 30 

1243 

Tests  on  Compressed  Air  Pumping  Systems  of  Oil  Wells,  E.   M. 
Ivens 20 

$1.50 

Set  Complete  $1.40                                                                                            Members  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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BROWN   PYROMETERS 


Have  been  the  recognized  standard 
since  1860,  and  they  have  the  larg- 
est sale  to-day.  Can  we  send  a 
copy  of  our  new  56  page  catalogue 
describing  these  instruments  ? 

THE  BROWN  INSTRUMENT  CO. 

Philadelphia,  Pa. 


^^RITE    for  a  copy  of  our 
booklet    entitled    'The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American=BalI  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,         BOUND  BROOK,  N.  J. 


Condensers 


Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

291  Surface  Condensers,  J.  M.  Whitham $  .10 

534  An  Evaporative  Surface  Condenser,  J.  H.  Fitts 10 

693  A  Self  CooUng  Condenser,  R.  Alberger 20 

798  Cooling  Tower  and  Condenser  Installations,  J.  H.  VaU 20 

1072  Condensers  for  Steam  Turbines,  Geo.  I.  Rockwood 20 

¥^80 

Set  Complete,  $  .75  Members'  rates  are  half  prlee 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 

The  Venturi  with  Reciprocating  Pumps 

A  lO-hour  test  on  a  4-inch 
Venturi  Meter  at  the  plant 
of  a  prominent  New  England 
machine  -  tool  concern  gave  the  following   results : 

Total  water  measured  by  two  calibrated  tanks,  392,463  'pounds. 

Total  obtained  from  Venturi  Register    -    -    -  397,104  pounds. 

*5°Di£ference  li'5l!%.         Bulletin  No.  68  on  request. 

Builders  Iron  Foundry       -         Providence,  R.  I. 

"Builders  of  the  Venturi." 


VENTURI  METER  TUBE 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Department    of  Civil,  Mechanical  and  Chcm- 
cal  Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 
UNIVERSITY  HEIGHTS,  N.  Y.  CITY 


TUFTS  COLLEGE 

Department  of  Engineering.  Civili  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering. 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrics  1 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO 


Bert.  L.  Baldwin  Garrett  W.  Simpkinson 

Members  A.  S.  1\L  E. 

BERT.  L.  BALDWIN  &  CO. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects 

Exchange  Building,  53  State  St., 
BOSTON,  MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests   of    Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
SOth  Street  and  East  End  Avenue, 

NEW  YORK  CITY. 


FORD.  BACON  &  DAVIS 

Engineers 


115  Broadway 
NEW  YORK 


New  Orleans 


San  Francisco 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201  Devonshire  Street,         BOSTON,  MASS. 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards 
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MACHINE    SHOP    EQUIPMENT 


MACHINE   SHOP   EQUIPMENT 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 

Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundvmi,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carhnruiiduin  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Shariiciiiiig  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Cirains  and  Powders,  and  Garnet  Paper. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HARTFORD  SPECIAL  MACHINERY  CO. 

HARTFORD,  CONN. 

Builders  of  High  Grade,  Accurate,  Special  Machinery,  Fixtures,  Jigs 
and  Tools. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 

IManufacturers   of  Grinding  Machines.      Internal  Grinders,   Cylinder 
Grinders,  Surface  Grinders,  Drill  Grinders. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J  to  5  tons. 
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MACHINE  SHOP   EQUIPMENT 
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JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  I-athes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 

BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


NEW  PROCESS  GEAR  CORPORATION 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  f  ullj-,  will 
be  mailed  on  request. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  $0.30;  No.  1083 
Belt  Creep:  W.  W.  Bird,  price  $0.10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackeubury,  and  Discussion,  price  $0.70. 
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MACHINE  SHOP   EQUIPMENT 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoist?,  5  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  S  to  SOOO  on.  ft.  per  miniito. 


MUMEORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  York  2007  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


SAND 
RAMMERS 

AIR  TOOLS 
AND  HOISTS 

COMPRESS- 
ORS 


FOUNDRY 
MOLDING 
MACHINE 
EQUIPMENT 


BLOWERS,   FANS,   DRYERS,   ETC. 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Drj'ers.    Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  IMASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


BLOWERS 
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ROLLING     MILL      MACHINERY 
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EQUIPMENT 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 
Engines,  single  and  compound,  Corliss  reversing  and  blowing.     Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


WHEELING  MOLD  &  FOUNDRY  CO. 

Pittsburgh,  Pa.  WHEELING,  W.  VA.  New  York,  N.  Y. 

Designers  and  Builders  of  Steel  Works  and  Rolling   Mil!  Equipment. 
Steel  Castings  machined  or  in  the  rough.     Chilled,  Sand  and  Steel  Rolls. 


PUMPS  AND  HYDRAULIC  TURBINES 


PUMPING 
MACHINERY 


PUMPS 

CONDENS- 
ERS 


PAPERS 

ON 

PUMPS 

AND 

HYDRAULIC 

TURBINES 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  ]\Iarsh  and  American  Steam  and  Power  Pumping  Alachinerv. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 

expenses.      Literature  upon  request. 


M. 

T 

DAVIDSON 

CO. 

43-53 

Keap 

St., 

BROOKLYN,  N.  Y. 

New  York: 

154  Nassau  St. 

Boston  : 

30  Oliver  St. 

High  grade  economical  Pumps 
densers. 

for  all  services.    Surface  and  Jet  Con- 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  381.  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Com- 
mittee Report,  price  $0.30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  8.  Nagle,  price 
$0.10;  No.  1110.  Development  of  Water-wheel  Governor:  M.  A.  Replogle,  price  $0.20; 
No.  1113.     Turbine  Design  as  Modified  for  Close  Regulation:  G.  A.  Bovinger,  price  $0.10. 


24 


PUMPS     AND     HYDRAULIC     TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplrx  Power  Pumps  for  general  water  supply,  nuinicipal 
water-works,  fire  protection,  fiydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  puinps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  everv  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  W'ood  Pulp  and  Paper  Machinery, 
Pumjjs,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


LAMMERT  &  MANN 

210-220  So.  Jefferson  St.  CHICAGO,  ILL. 

Engineers  and  Machinists 
Manufacturers  of  Rotary   Vacuum   Pumps  for  highest  dry   vacuum. 
Lead  Pumps,  Rotary  Blowers,  etc. 


MORRIS  MACHINE  WORKS 

BALDWIXSVILLE,  N.  Y. 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


PUMPS 

HYDRAULIC 
MACHINERY 


WATER 
WHEELS 

WOOD    PULP 
AND 
PAPER 
MACHINERY 


TURBINES 

PAPER      MILL 
MACHINERY 


VACUUM 
PUMPS 


CENTRIF- 
UGAL 
PUMPING 
MACHINERY 

ENGINES 


STEAM   ENGINES  AND    BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 


42  Raritan  Ave. 


BOUND  BROOK,  N.  J. 


Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


WATER  TUBE 
BOILERS 


ENGINES 
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STEA^/I    ENGINES    AND    BOILERS 
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THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ERIE  CITY  IRON  AYORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines.  Hamilton  High  Speed 
Corliss  Engines,  High  Dutj^  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 
Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback ;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pre.s.sure:  J.E.Howard, 
price  $0.30;  No.  1298.  Combustion  and  Boiler  Efficiency:  E.  A.  Uehling,  price  $0.30;  No. 
1308.    Oil  Fuel  for  Steam  Boilers:  B.  R.  T.  Collins,  price  $0.20. 
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STEAM   ENGINES  AND   BOILERS 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 

Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

l.U  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE  VILTER  MFG.  CO. 

1070-lOSS  Clinton  St.  MILWAUKEE,  WIS. 

Established   1S67 

Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct- 
Connected  Service,  medium  or  high  speed.     Ice  and  Refrigeration  ^Machines. 


^YEIMER  MACHINE  WORKS  COMPANY 

LEBANON,  PA. 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Cinder 
and  hot  metal  cars.  Furnace  Bells  and  Hoppers.  Rolling  Mill  castings. 
SjxH'ial  attention  paid  to  quick  repair  work  and  work  governed  by  En- 

gin(>ors'   specifications. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1071.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price 
SO.IO;  No.  922.  Effect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price 
SO.  10;  No.  873.  Compalison  of  Rules  for  Calculating  the  Strength  of  Steam  Boilers: 
H.  do  B.  Parsons,  price  $0.10;  No.  819.  Boiler  and  Furnace  Efficiency:  R.  S.  Hale,  price 
$0.30. 
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OIL  AND   GAS    ENGINES  AND  GAS  PRODUCERS 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  ■  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


AUGUST  IVIIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  200,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  (Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


REFRIGERA- 
TING    AND 
ICE     MAKING 
MACHINERY 

OIL  AND  GAS 
ENGINES 


OIL 
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OIL    AND    GAS    ENGINES    AND   GAS    PRODUCERS 
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PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


NATIONAL  METP:R  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H.  P. 
iiour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.  Mechanically  Operated  Gas  Producers  in  large  luiits  for  power  and 
heating  plants.     Tar  Extractors  and  Gas  Cleaning  Plants. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  133G.  Symposium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
$0.50;  No.  13.37.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41  X.  A  Regenerator  Cycle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  S0.90;  No.  123S.     Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 


POWER    PLANT  AUXILIARIES    AND    SPECIALTIES 
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ALBERGER   PUMP  &  CONDENSER   CO. 

140  Cedar  St.  NEW  YORK 

Complete  condensing  equipments.  Surface,  jet  and  barometric  types.  Centrifugal 
pumps,  steam  turbines,  water  turbines,  vacuum  pumps,  water  meters,  feed  water  heaters, 
cooling  towers,  expansion  joints. 

.See  pages  SS,  89,  90  of  Condensed  Catalogs  of  Mechanical  Equipment. 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN   STEAM   GAUGE   AND   VALVE  MFG.  CO. 

BOSTON.  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.    The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1085.  Performance  of  a  Superheater:  A.  Bemont,  price  $0.10  ;  No.  1070.  A  Twist 
Drill  Dynamometer:  H  P.  Fairfield,  price  SO. 10;  No.  921.  The  Bursting  of  Small  Cast 
Iron  Fly-Wheels:  C.H.Benjamin,  price  $0.20;  No.  1144.  Balancing  of  Pumping  En- 
gines: A.  F.  Nagle,  price  $0.10. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


VALVES 
GAUGES 


w. 

N. 

BEST 

11 

Broadway 

NEW  YORK 

CITY 

Apparatus  for 

and  technical  information  relat 

ve  to  all  forms  of  liquid 

fuel  equipment. 

OIL   AND  TAR 
BURNERS 

FURNACES 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bri-stol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Thermometers. 
The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters,  Ammeters 
and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt  Lacing. 


RECORDING 
GAUGES 
AND 

INSTRU- 
MENTS 


THE  BROWN  INSTRUMENT  CO. 

Established  1S60  PHILADELPHIA,    PA, 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  bo  manufactured  in  this  coun- 
try, and  having  the  largest  sale  today.  Also  manufacturers  of  Thermometers,  speed  in- 
dicators and  Recorders,  Voltmeters,  Ammeters  and  kindred  instruments. 


PYROM- 
ETERS 

THER- 
MOMETERS 

TACHOM- 
ETERS 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.   LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CRESCENT  MANUFACTURING  CO. 

SCOTTDALE,  PA. 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups. 


LUBRICA- 
TORS 

GREASE 
CUPS 


DIAMOND  POWER  SPECIALTY  COMPANY 


1534  Monroe  Bldg. 
CHICAGO 


70  First  St., 
Bourse  Bldg. 
PHILADELPHIA 


DETROIT 
702  Singer  Bldg. 
NEW  YORK 


Suite  24—19  Pearl  St. 
BOSTON 


Mechanical  Systems  for  cleaning  Soot  from  heating  surfaces  in  all  stand- 
ard makes  of  Boilers.      Soot  Blowers  for  all  Standard  Boilers. 


SOOT 

BLOWER 

SYSTEMS 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  .SO. 10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
S0.30;  No.  10G4.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  SO. 10;  No. 
S  30  Xa.    Efficiency  Tests  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10. 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 
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STOKERS 

PNEUMATIC 

ASH 

CONVEYORS 


FORCE  FEED 
LUBRICA- 
TORS 


GREEN  ENGINEERING  CO. 

Stegor  Building  CHICAGO,  ILL. 

Green  Chain  Grate  Stokers  for  free  burning  and  coking  bituminous  coals. 
GECO  Pneumatic  Ash  Handhng  Systems. 
See  pages  50  and  51  of  Condensed  Catalog ues'of  Mechanical  Equipment. 


GREENE,  TWEED  &  CO. 

109  Duane  St.  NEW  YORK 

Rochester  Automatic  Force  Feed  Cylinder  Lubricators,  for  the  lubrica- 
tion of  all  types  of  engines,  pumj)s  and  air  and  ammonia  compressors. 
See  page  159  of  Condensed  Catalogs  of  Mechanical  Eeiuipment. 


LUBRICATION 
PUMPS 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made  in   any   number   of  Feeds   or 
Compartments. 


VALVES 


VALVES 


STEAM 
TRAPS 


SEPARA- 
TORS 


REGULA- 
TORS 


AIR 

COMPRESS- 
ORS 

AIR  TOOLS 
AND   HOISTS 


VALVES 

PACKING 
DISCS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


11  Broadway 


INGERSOLL-RAND  COMPANY 

NEW  YORK 


Air  Compressors,  twent.y  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  H  to  5  tons. 


NEW  YORK 


JENKINS  BROS. 

BOSTON  PHILADELPHIA  CHICAGO 


Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  made  in  brass,  iron  body,  and 
cast  steel,  in  a  variety  of  tj-pes,  suitabli'  for  moderate,  medium  or  extra  heavy  pressures. 
Also  a  line  of  high  grade  mechani<'al  rublicr  goods  inckiding  .sheet  packing,  gaskets,  gasket 
tubing  and  pump  valves.     Illustrated  catalogui 


uig 
L'nt  on  nMjuest. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  $0.10;  No.  1287. 
Experimental  Analysis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  $0.20;  No. 
S43X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  26  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 
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ROBERT  A.  KEASBEY  CO. 

100  N.  MooKK  St.  NEW  YORK  Cl^PY 

Telephone:    6097  Franklin 

Ilcat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves  for   all  purposes. 
Special   Blow-off  Valves.      Check  Valves.      Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  niacliinery. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  tiie  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  tj'pe  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors  for  Steam  Engines,  Turbines,   Gas   Engines.     Mechanical 
Control  Power  Regulation. 

See  Page  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


POWER 

SPECIALTY 

CO. 

Ill 

Broadway 

NEW  YORK 

coa! 

The  Foster  Patent  Superheater,  saves  feed  water, 
and  boiler  power. 

condensing  water, 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  Fittings:  Com-report,  price  $0.10;  No.  1297.  Transmission  of  Heat  in  Surface 
Condensation:  G.  A.  Orrok,  price  $0.50;  No.  1259.  Cooling  Towers  for  Steam  and  Gas 
Power  Plants:  J.  R.  Bibbins,  price  $0.40;  No.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Rockwood,  price  $0.20. 


MAGNESIA 
ASBESTOS 
AND 

BRINE   PIPE 
COVERINGS 


VALVES 

BLOW-OFF 
VALVES 

FIRE   HY- 
DRANTS 


VALVES 

INJECTORS 

LUBRICA- 
TORS 
ETC. 


STEAM 
TRAPS 


AUTOMATIC 
FURNACE 


GOVERNORS 


SUPER- 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 
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VATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 


RECORDING 
THER- 
MOMETERS 
AND  GAUGES 

TACHOMETERS 

CALORIM- 
ETERS 


INJECTORS 

CONDENS- 
ERS 

VALVES 
ENGINE 
STOPS 


INSTRU- 
MENTS 


WM.  B.  SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURGH,  PA. 
26  Cortlandt  St.  New  York 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic  purposes. 


LUBRICAT- 
ING 
OILS 


CONDENS- 
ERS 

PUMPS 

COOLING 
TOWERS 


CONDENS- 
ERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 


THE  SCHAEFFER  &  BUDENBERG  MFG.  CO. 

BROOKLYN,  N.  Y. 
Instruments  for  Measuring,  Indicating  and  Recording  Temperature, 
Pressure  and  Speed. 

See  page  182,  Condensed  Catalogues  of  Mechanical  Equipment. 


SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,   Feed  Water  Heaters,  etc. 


C.  J.  TAGLIABUE  MFG.  CO. 

32  THIRTY-THIRD  ST.  BROOKLYN,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
Sec  our  Co?idensed  Catalogue  in  April  1911   mimber  of  The  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 


Foundries  and  all  general  purposes, 
the  highest   quality. 


All  classes  of  Petroleum  Products  of 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:   CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heiiters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
\'acuum  Pumps  and  Multiple  EfTect  and  Evaporating  Machinery. 


H.  WHEELER  MFG. 

PHILADELPPIIA,  PA. 


CO. 


NEW    YORK 


SAN    FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed- Watct'  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumjjs. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  Unnecessary  Losses  in  Firing  Fuel  Coal:  C.  R.  Weymouth,  price  $0.30;  No 
1213.  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price 
$0.20;  No.  1165.  The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.  E 
Junge,  price  $0.40;  No.  1245.     Some  Properties  of  Steam:  R.  C.  H.  Heck,  price  $0.10. 
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HOISTING   AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 

Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hanuners,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 


New  York 
Pittsburgh 


CLEVELAND,  O.,  U.  S.  A. 


San  Francisco 
Chicago 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-heam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
hcuvy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  ^Y.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Convej'ing  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price 
80.10;  No.  1234.  A  Unique  Belt  Conveyor:  E.  C.  Soper,  price  $0.10;  No.  1300.  Operating 
Condition  of  Passenger  Elevators:  R.  P.  Bolton,  price  $0.20;  No.  IICI.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  S.  B. 
Fowler,  price  $0.20. 


CRANES 

STEAM 
HAMMERS 

PUNCHES 

AND 

SHEARS 


HOISTING 
MACHINERY 


CONVEYORS 

ELEVATORS 

POWER 
TRANS- 
MISSION 


HOISTING 
ENGINES 
AND 
DERRICKS 


ELEVATORS 

FRICTION 
CLUTCHES 

PULLEYS 


CONVEYOR 
BELTS 


PAPERS 

ON 

HOISTING 

AND 

CONVEYING 

MACHINERY 
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ELEVATING 

CONVEYING 

MINING 
MACHINERY 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFERS 


ELEVATORS 

AND 

CONVEYORS 


ELEVATING 
AND 

CONVEYING 
MACHINERY 


CRANES 


ROBINS 

BELT 

CONVEYORS 


WIRE  ROPE 


PAPERS 

ON 

HOISTING 

AND 

CONVEYING 

MACHINERY 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Goal  Tipples. 
C(i:il   Washeries,  Locomotives,  Coal  Cutters,   Drills,  eti".     Complete  Coal  Mine  Equip- 

iiii-nts. 


LIDGERWOOD  MFG.  CO. 


9G  Liberty  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  minor,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cable- 
ways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
Transmission  Machinery. 


MEAD-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cal>li'  Railways,  Marine  Elevators,  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Dcrri<'ks,  Suspension  Cableways^. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Pi-esses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


ROBINS  CONVEYING  BELT  COMPANY 

13  Park  Row,  New  York 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 

Manufacturers  of  Iron,  Steel  and  Copper  Wire  Rope,  and  Wire  of 
every  description. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1193.  Conveving  Machinery  in  a  Portland  Cement  Plant'  C.  J.  Tomlinson,  price 
$0.10;  No.  1192.  the  Belt  Conveyor.  C.K.Baldwin,  price  $0.20;  No.  1128.  Test  of  a 
Plunger  Elevator  Plant:  A.  J.  Herschmann,  price  $0.30;  No.  1045.  Power  Plant  of  Tall 
Office  Buildings:  R.  P.  Bolton,  price  $0.20. 
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SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.    Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 

Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery ;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 


CRANES 

MONO-RAIL 
SYSTEMS 

CON- 
TROLLERS 


CRANES 
HOISTS 


THE  WEBSTER  MEG  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveyinf:  and  Power  Transmitting  Machinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing; give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing.  


THE  YALE  &  TOWNE  MFG.  CO. 

V)  E.  40th  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  I  to  20  tons;  Electric 
Hoist  in  10  sizes,  |  to  IG  tons. 


ELEVATING 

CONVEYING 

POWER 
TRANS- 
MITTING 
MACHINERY 


CHAIN 
BLOCKS 

ELECTRIC 
HOISTS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Twenty  standard  Air  Compressor  tj^pes,  capacity  8  to  SOOO  cu.  ft.  per  minute;  "Crown" 
and  "Imperial'  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  s  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1320.  Commercial  Application  of  the  Turbine  Turbo-Compressors:  R.  H.  Rice, 
price,  .S0.30;  No.  830.  Compression  and  Liquidification  of  Gas:  A.  L.  Rice,  price  $0.10; 
No.  804.  A  Pneumatic  Despatch-tube  System  for  Rapid  Transportation  of  Mails  in  Cities: 
B.  C.  Batcheller,  price  $0.30;  No.  129.5.  The  Development  of  the  Air  Brake:  (Presidential 
Address)  G.  Westinghouse,  price  $0.20. 


AIR 
COM- 
PRESSORS 

PNEUMATIC 
TOOLS 


AIR 

COM- 

PRESSORS 

TOOLS 
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PAPERS  ON 
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TOOLS 


35 


ELECTRICAL  APPARATUS 


ELECTRICAL   APPARATUS 


ELECTRIC 
DRIVE 


DYNAMOS 

MOTORS 

TRANS- 
FORMERS 

INSTRU- 
MENTS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


POWER  TRANSMISSION 


PULLEYS 


PULLEYS 


SHAFTING 

PULLEYS 

HANGERS 


POWER 
TRANS- 
MISSION 

ELEVATORS 

CONVEYORS 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light,  true 
and  amply  strong  for  double  belts.      120  stocks  carried  in  the  LTnited  States. 


ONEIDA  STEEL  PULLEY  CO. 


ONEIDA,  N.  Y 


CHICAGO,  ILL. 


The  largest  manufacturers  of  Pulley.s  in  the  world.  Our  Steel  Palle3^s 
range  from  6  to  12(3"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  85".     Let  us  send  you  our  booklet  illustrating  all  styles. 


THE 

A. 

& 

F. 

BROWN 

CO. 

172  Fulton 

St. 

NEW 

YORK 

Manufacturers  of  Shafting, 

Pulleys, 

Hangers, 

etc.. 

for 

Transmission  | 

of  Power. 

DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Manufacturers   of   everything   for   the    Mechanical   Transmission   of 
Power;   also   Elevating   and    Conveying   Machinery,    and   the    "Eureka" 
Water  Softener.     Send  for  general  catalog  C-10. 
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POWER    TRANSMISSION 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


D.  O.  JAMES  MANUFACTURING  CO. 

1120-22  W.  Monroe  St.  CHICAGO 

Specialists  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm 


gears,  rawhide  pinions,  racks,  incased  worm  gear  reductions,  O'K. 
reducing  transmissions  4:1  up  to  1600:1. 


speetl 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  adclitions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved  Appliances  for  the  transmission  of  Power. 
Shafting,  Couphngs,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


POWER 

TRANS- 

MfSSION 

APPLIANCES 


POWER 
TRANS- 
MISSION 


CUT 
GEARING 

SPEED 
REDUCING 
TRANSMIS- 
SIONS 


PULLEYS 

PAPER 
FRICTION 
TRANS- 
MISSION 


POWER 
TRANS- 
MISSION 


ENGINEERING  MISCELLANY 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 

Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 
Engineers,  Founders  and  Machinists 
Castings  of  LTnusual  Size,  Weight  and  Strength.     Large  and  Accurate 
Machine  Work.    Grinding  and  Polishing  Machines. 


ALUMINUM 


CASTINGS 

MACHINE 
WORK 

GRINDING 
MACHINES 
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ENGINEERING   MISCELLANY 


WATER 
FILTERS 


HEATING 
BOILERS 

RADIATORS 


BRIGHT 
COLD 
FINISHED 
STEEL  BARS 


PAPERS 
ON 

POWER 
TRANS- 
MISSION 


ROBERTS   FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


THE  H.   B.  SMITH  CO. 

WESTFIELD,  MASS. 

Sectional  Cast    Iron  Water  Tube  and    Return  Flue   Boilers. 
Direct  and  Indirect  Radiators  for  Steam  and  Water  Warming. 


Also 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bes.sem8r,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
bins,  J.  Riddell  and  discussion,  price  $1.10;  No.  133.5.  Variable-speed  Power  Transmission: 
G.  H.  Barrus  and  C.  M.  Menlv,  price  $0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving: 
S.  Haar,  price  $0.20;  No.  1230.     Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth, 

price  $0.50. 


BALL   BEARINGS 


BALL 
BEARINGS 


BALL 
BEARINGS 


BALL 
AND 
ROLLER 
BEARINGS 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings, 
Auburn  Special  Ball  Thrust  Bearings,  Auburn  Steel,  Brass  and  Bronze 
Balls,  Solid  and  Hollow. 


THE  FAFNIR  BEARING  COMPANY 

NEW  BRITAIN,  CONN. 

Sales  Agents:  The  Rhineland  Machine  Works  Co.,  140  W  42nd  St.,  New  York  City. 

High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest 
standards  of  accuracy  in  the  world. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.    Steel,  Bronze  and  Brass  Balls. 
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CONDENSED 
CATALOGUES 

OF 

MECHANICAL 
EQUIPMENT 

SECTION  ONE  (Part  One) 

Power  Plant  Equipment 

Other  sections  of  the  Condensed  Catalogues  to  be  published  in  subsequent 
issues  of  The  Journal  during  1913  will  include  Hoisting,  Elevating  and 
Conveying  Machinery,  Industrial  Railway  Equipment,  Power  Transmission 
Machinery,  Electrical  Equipment,  Metal  Working  Machinery,  Machine  Shop 
and  Foundry  Equipment,  Steel  and  Rolling  Mill  Equipment,  Pumping 
and  Hydraulic  Machinery,  Mining  and  Metallurgical  Equipment,  Heating 
and  Ventilating  Apparatus,  Refrigerating  Machinery,  Air  Compressors  and 
Pneumatic  Tocls,  and  Engineering  Miscellany. 

At  the  close  of  the  year  the  entire  collection  of  Condensed  Catalogues  will  be 
reprinted  in  volume  form. 


THE  AMERICAN  SOCIETY  of 
MECHANICAL  ENGINEERS 


Steam   Ktu/ines 


AMERICAN  ENGINE  COMPANY 

42   RARITAN  AVENUE 
BOUND  BROOK,  N.  J. 

ALL  KINDS  OF  HIGH  GRADE  SIMPLE  AND  COMPOUND  STEAM  ENGINES,  DIRECT- 
CONNECTED  UNITS,  MOTORS  AND  GENERATORS. 


power  on  tl 


THE  AMERICAN-BALL  ANGLE  COMPOUND  ENGINE 

The  American-Ball  Anfi;le  Compound 
Engine  has  all  of  the  advantages  pos- 
sessed by  every  American  engine,  an 
automatic  system  of  lubrication,  sen- 
sitive balanced  automatic  governor, 
adjustable  cross-head  guides,  attached 
indicator  reducing  motion,  high-class 
workmanship,  etc.  Besides  these, 
some  of  the  special  advantages  inherent 
to  the  angle  construction  are  as  follows: 

With  the  cylinders  at  right  angles, 
practically  perfect  balancing  is  secured. 
The  Angle  construction,  with  its  four 
impulses  per  revolution,  gives  a  prac- 
tically uniform  torque,  making  this  en- 
gine especially  adaptable  for  driving 
alternators  which  are  to  be  run  in 
parallel.  Small  floor  space.  The  Angle 
Compound  Engine  gets  twice  as  much 
le  same  amount  of  floor  space  as  does  a  simple  engine. 


THE  AMERICAN-BALL  FOUR-CYLINDER  PAPER  MILL  ENGINE 

has  the  following  important  advan- 
tages : 

A  speed  range  of  8:  1  and  even  10:  1 , 
permitting  of  direct  connection  to  the 
variable  speed  shaft. 

Elimination  of  shut-downs  to  change 
speed. 

Excellent  ^peed  regulation  s(  cureil 
by  the  four-cylinder  construction  of 
the  engine  and  by  a  special  stabilized 
governor  which  prevents  siu'ging  in 
speed  and  insures  even  thickness  of 
paper. 

A.sk  for  literature  on  Paper  Mill  Engines  and  Engines  for  Isolated  plants,  also 
our  report  on  cost  of  Isolated  Plant  Power. 


DIMENSIONS  OF  AMERICAN-BALL  ANGLE  COMPOUND 
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Steam  Engines 


BALL  ENGINE  CO, 

ERIE,   PENNSYLVANIA 

CORLISS-VALVE  AND  SINGLE-VALVE  ENGINES;  HORIZONTAL  AND  VERTICAL 
SIDE-CRANK  ENGINES;  TANDEM  AND  CROSS-COMPOUND  SINGLE- VALVE 
ENGINES,  CORLISS-VALVE   COMPOUND  AND   SINGLE-CYLINDER  ENGINES. 


HIGH-SPEED  CORLISS  ENGINES 

The  feature  which  distinguishes  this  engine  from  other  four-valve  shaft 
governed  engines  is  the  patented  non-detaching  valve  gear,  which  imparts 
the  same  movement  to  the  valves  that  the  drop  cut-off  of  the  slow-speed 
Corliss  produces  by  picking  up  and  dropping  them.  This  permits  the  use 
of  the  best  form  of  valve,  and  the  valves  are  given  the  movement  necessary 
for  the  greatest  durability  and  tightness. 

Built  in  sizes  from  100  h.p.  to  1200  h.p.  in  the  single-cylinder  and  cross- 
compound  types. 

These  engines  excel  in  economy  and  regulation  and  are  especially  adapted 
for  electric  service. 


SINGLE- VALVE  AUTOMATIC  ENGINES 

These  engines  are  the  result  of  a  long  experience  in  building  engines  for 
electric  service.  They  are  superior  in  design  and  construction.  The  regula- 
tion and  economy  are  the  best  of  their  type. 


Built  in  sizes  from  25  h.p.  to  800  h.p.  in  the  single-cylinder,  tandem-com- 
pound and  cross-compound  types. 
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HARDIE  TYNES  MANUFACTURING 
COMPANY 

BIRMINGHAM,    ALABAMA 

CORLISS  ENGINES,  AUTOMATIC  ENGINES,  HOISTING  ENGINES, 
DIRECT-CONNECTED  ENGINES,  SLIDE  VALVE  ENGINES,  AIR 
COMPRESSORS,  SPECIAL  MACHINERY,  HEAVY  CASTINGS. 


^i^,>;.'^| 


HEAVY  DUTY  CORLISS  ENGINES 

Tangye  Frame  Type 

Designed  for  steam  pressures  of  150  lb. 
or  more,  to  run  at  moderate  speeds.  Built 
ill  sizes  ranging  from  16  x  36  in.,  114  i.h.p., 
to  34  X  60  in.,  1255  i.h.p. 


HEAVY  DUTY  CORLISS  ENGINES 

Imperial  Frame  Type 

These  engines  are  also  designed  for  steam 
l)ressures  of  150  lb.  or  more,  but  may  be 
operated  at  somewhat  higher  rotative 
speeds  than  the  Tangye  Frame  Machines. 
Sizes  range  from  8  x  20  in.,  21  i.h.p.,  to 
22  X  30  in.,  550  i.h.p. 


HEAVY  GIRDER  FRAME  CORLISS 
ENGINES 

These  engines  are  especially  suitable  for 
manufacturing  plants  having  moderate 
steam  pressures  and  no  suddenly  applied 
overloads.  Designed  for  steam  pressures 
of  150  lb.  or  less,  and  built  in  sizes  ranging 
from  12x24  in.,  52  i.h.p.,  to  26x48  in., 
780  i.h.p. 


COMPOUND  CORLISS  ENGINES 

Cross  and  Tandem  Types 

Are  built  on  either  Tangye,  Imperial  or 
Girder  Frames.  Sizes  range  from  400 
i.h.p.  to  2300  i.h.p.,  65  i.h.p.  to  700  i.h.p., 
135  i.h.p.  to  1300  i.h.p.,  respectively. 


DIRECT  CONNECTED  CORLISS 
ENGINES 

Are  built  on  both  Tangye  and  Imperial 
Frames  for  service  with  either  direct  or 
alternating  current  generators,  from  50 
to  1500  k.w  capacity. 
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THE  FITCHBURG  STEAM  ENGINE  CO. 

FITCHBURG,  MASS. 

MANUFACTURERS  OF  STEAM  ENGINES  FOR  USE  UNDER 
EVERY  SORT  OF  CONDITION 


"THE  FITCHBURG"— DIRECT-CONNECTED— GIRDER  BED 


Size3  7"  by  IG"   to  22"  by  42".     Revolutions  80  to  250. 


D.  Con.  or  Belted  Girder  Bed  as  above 
Tangye  Bed  as  below 
Tandem  Girder 
Tandem  Tangye 
Cross  Girder 
Cross  Tangye 
High-Speed  Horizontals 
Single  Cylinder  Vertical 
Steeple  Comp'd  Vertical 

Details  for  any  size  given  on  application. 


To 

300  II. P. 

800  " 

330  " 

SOO  " 

750  " 

loOO  " 

250  " 

400  " 

400  " 

"THE  FITCHBURG"— DIRECT-CONNECTED— TANGYE  BED 


Sizes  12"  by  18"   to  30"  by  43".    Revolutions  83  to  25C 
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TROY  ENGINE  &  MACHINE  CO. 

TROY,  PENNSYLVANIA 
STEAM  ENGINES  OF  THE  CENTRE-CRANK  TYPE  EXCLUSIVELY 


Our  standard  products  are  given  in  the  list  below.     Column  B  gives  the  maxi- 
mum usual  pressure  and  Column  C  the  number  of  sizes  made. 


Troy 
Troy 
Troy 
Troy 
Troy 
Troy 
Troy 
Troy 


Stock  Title 

Vertical  Automatic  Engines 

Horizontal  Automatic  Engines 

Vertical  Direct-Connected  Engines.  .  . 
Horizontal  Direct-Connected  Engines. 

Vertical  Throttling  Engines 

Horizontal  Throttling  Engines 

Vertical  Low-Pressure  Engines 

Horizontal  Low-Pressure  Engines 


80-160 

i:^ 

80-160 

8 

80-160 

13 

80-160 

8 

80-160 

14 

80-160 

9 

10-  40 

10 

10-  40 

6 

All  the  above  are  made  either  enclosed  and  self-oiling,  or  open  with  gravity  lubrication. 
Sizes  —  2  to  loo  H.  P. 


Horizontal  Automatic  Type 
for  Belted«Service 


TROY  SELF-OILING  ENGINES 

The  economy  of  operation  and 
maintenance  of  Troy  Self -Oiling  En- 
gines i^better  than  obtained  in  many 
common  types  of  steam  engines. 
The  original  design  has  proved  ex- 
cellent and  progressivene-'s  in  im- 
portant details  has  made  the  Troy 
Engine  gratifyingly  successful.  The 
following  brief  mention  of  construc- 
tion details  are  of  interest. 

Balanced  Valves  that  are  built 
steam  tight  and  remain  steam  tight. 
Neither  loss  by  leakage  nor  expense 
for  repairs. 

Long  Connecting  Rods,  lessening 
the  friction  on  the  guides,  thus  saving  power  and 
securmg  longer  life  for  the  bearings. 

Patent  Locking  Device  for  the  crank  pin  bolts, 
making  accurate  adjustment  easy,  and  providing 
strength  and  security  at  this  important  point  in  the 
engine. 

A  Self-Oiling  System  (patented)  that  thoroughly 
lubricates,  saves  oil  and  operates  automatically. 
The  bearings  run  in  oil,  minimizing  wear,  and  the 
cost  of  lubrication  is  less.  The  oil  pump  and  the 
check  valve  are  designed  especially  for  this  service 
and  are  particularly  strong  features,  as  they  should 
be. 

The  Babbitt  and  the  Brass  used  in  bearings  are 
made  by  Troy  formulas  which  have  been  worked 
out  to  provide  the  most  durable  bearings. 

Automatic  Governor  Engines  have  a  regulation 
which  varies  less  than  2  per  cent. 

Each  order  receives  personal  attention  so  as  to 
adapt  the  engine  in  the  nicest  possible  manner  for 
the  service  it  has  to  perform.  This  has  particular 
importance  when  the  engine  has  special  details  in 
construction  for  direct  connected  or  similar  work. 
Special  Type  of  Vertical  Throttling  and  always  insures  the  purchaser  getting  just  the 
for  D.  C.  to  Fan  or  Blower         equipment  needed. 
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THE   NORDBERG  MFG.  COMPANY 

MILWAUKEE,  WIS. 
ENGINEERS,   DESIGNERS  AND   BUILDERS   OF 

HIGH  EFFICIENCY  CORLISS  ENGINES,  UNIFLOW  ENGINES,  POPPET 
VALVE  ENGINES,  AIR  COMPRESSORS,  BLOWING  ENGINES,  HOISTING 
ENGINES,  PUMPING  ENGINES  AND  STEAM  STAMPS. 


CORLISS  ENGINES:  This  Com- 
pany builds  a  complete  line  of 
the  highest  grade  Corliss  Engines 
of  standard  design  and  also  Nord- 
berg  full  stroke  Corliss  Engines 
(cut-off  up  to  8/10  of  stroke  under 
full  control  of  governor),  high 
speed  Corliss  Engines  and  heavy 
duty  Corliss  Engines. 

Nordberg  Engines  are  built  in 
hdrizontal,  simple,  duplex,  tandem 
(•(iiii))(iund,  cross  compound  and 
Ncrtical  types;  for  driving  elec- 
trical machinery,  for  belt  drive, 
rope  drive  and  general  power  pur- 
poses, and  for  combination  with 
compressors,  blowing  engines, 
pumping  engines,  etc. 


NORDBERG       EQUILIBRIUM 
POPPET      VALVE       ENGINES : 

This  Company  has  manufactured 
jjcippet  valve  engines  for  over 
20  years.  The  fundamental  ad- 
vantage of  the  poppet  valve  en- 
gine is  its  ability  to  use  steam 
at  high  pressures  and  high  super- 
heat, secondly  a  poppet  valve 
remains  steam  tight  for  an  indefi- 
nite period.  This  is  demonstrated 
by  a  recent  test  on  the  famous 
Champion  Copper  Co.  Compressor 
(which  holds  the  world's  record  for 
.steam  economy).  The  high  pres- 
sure cylinder  which  receives  steam 
at  250  lbs.  pressure  is  fitted  with 
Nordberg  Equilibrium  Poppet 
\alve  gear.  A  short  time  ago  the 
full  steam  pressure  was  turned  on 
the  cylinder,  and  not  the  slightest 
trace  of  steam  could  be  noticed  in 
the  exhaust,  demonstrating  fully 
the  absolute  tightness  of  the  valves, 
even  after  eight   years   of  service. 


NORDBERG  UNIFLOW  EN- 
GINES :  The  Uniflnw  Engine, 
invented  over  25  years  ago,  has 
been  developed  in  Germany, 
largely  by  Prof.  Stumpf,  and  in 
this  country,  a  Uniflow  Engine 
to  meet  American  conditions,  has 
been  designed  by  Mr.  B.  \ .  Nord- 
berg, and  over  150  tests  under  all 
steam  conditions  have  been  made. 
The  primary  advantage  demon- 
strated by  these  tests  is  the  enor- 
mous overload  capacity  of  the 
Nordberg  Uniflow  Engine  with  fiat 
steam  consumption  curve.  By 
actual  comparison  with  the  per- 
formance of  the  best  known  typos 
of  American  Turbines,  the  Nord- 
berg Uniflow  Engine  not  only  has  a  lower  steam  consumption  curve,  but  the  percent  increase  in 
steam  consumption  with  underloads  is  also  far  less  than  with  the  turbine. 

We  are  building  complete  Nordberg    Uniflow  Engines,  and  also  equipping  existing  engines  rvith 
Uniflorv  cylinders. 
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Pumping  Engines,  Air  Compressors,  Hoists 


THE  NORDBERG  MFG.  COMPANY 


NORDBERG  PUMPING  ENGINES:  Tli.'  phoi.,t;raph  shuws  a  X.mlli.Tii;  Pumping  Engine, 
built  for  the  I'tah  Copjier  Company,  oapaeity  lO.UUIJ  gallons  per  minute  against  2{\'>  ft.  head. 

The  Nordberg  Mfg.  Company  builds  the  highest  duty  compound,  triple  and  quadruple  expan- 
sion pumping  engines  with  or  without  the  Nordberg  regenerative  feed  water  heating  system 
with  which  the  highest  steam  economies  in  the  world  have  been  obtained. 


NORDBERG  COMPRESSORS:  The  above  photograph  shows  a  Nordberg  horizontal  cross  com- 
pound two-stage  full  Corliss  Air  Compressor.  Besides  full  Corliss  Compressors,  which  are  built  in 
the  largest  sizes  and  have  shown,  for  example  at  the  Champion  Copper  Co.  Mine,  the  highest  re- 
corded steam  economy  in  the  world,  the  Nordberg  Mfg.  Company  also  build  a  line  of  small  com- 
pressors ("SC"  Type)  in  capac- 
^      !       ^'""'fTligiiT^^^ITn^niiiib  i  .....a^        ities  from  300  ft.  up    for  belt 

drive.  The  compressors  are 
compactly  designed,  fool-proof, 
enclosed  and  self-contained  with 
automatic  lubrication. 

HOISTS:  This  photograph 
shows  the  largest  hoist  in  the 
world,  furnished  to  the  Tam- 
arack Mining  Co.,  Mich.  The 
Nordberg  Mfg.  Co.  has  made 
more  hoists  for  great  depths 
than  all  other  builders  in  the 
U.  S.  combined. 


Other  products  of  this  Com- 
pany include  Nordberg  Steam 
Stamps,  Symons  Disc  Crushers, 
Blowing  Engines,  Condensers, 
Vacuum  Pumps  and  special 
machinery. 
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Steam  Engines 


PROVIDENCE  ENGINEERING   WORKS 

PROVIDENCE,   R.  I. 

RICE  &  SARGENT  CORLISS  ENGINES,  SPECIAL  MACHINERY  AND 
MACHINE  PARTS  TO  ORDER,  REPAIRS  TO  ALL  TYPES  OF  ENGINE, 
COMPLETE  RECORDS,  DRAWINGS  AND  PATTERNS  OF  IMPROVED 
GREENE  ENGINE. 


Tlio  "Ricn  &  Sargent  Coi'liss  Engines  are  built  in  all  usual  types,  for  all  purposes 
for  which  a  high  grade  Corliss  engine  is  required.  They  are  built  in  all  sizes, 
from  I'jO  Horse  Power  to  the  largest  desired.  They  are  designed  throughcjut  for 
sjx'cds  considerably  higher  than  are  usual  for  other  Corliss  engines,  making  them 
especially  suited  to  direct-connected  electrical  work. 

Rice  &  Sargent  Corliss  Engines  are  built  in  one  grade  only — the  same  patt(>rns, 
material  and  workmanship  are  used  on  eveiy  engine  as  on  those  installed  in  some 
of  the  country's  finest  steam  plants. 

Remarkable  results  have  been  obtained  in  a  number  of  very  accurate  tests  as 
regards  steam  consumption,  regulation  and  mechanical  efficiency. 

Bulletins  describing  the  details  of  construction  and  the  result  of  tests  will  be 
sent  to  anyone. 

I'^ully  equipped  separate  departments — a  com]5etent  engineering  force — and  a 
corj)s  of  trained  and  efficient  workmen  is  maintained  to  manufacture  special 
machinery  or  machine  parts  of  any  nature  to  order. 
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Oil  Engines 

DE  LA  VERCxNE  MACHINE  CO. 

1123  EAST  138th  STREET  -         -  NEW  YORK  CITY 

DE    LA    VERGNE    CRUDE    OIL    ENGIN&S 
REFRIGERATING  MACHINERY     ICE  MACHINES 


TYPE  "FH"  CRUDE  OIL  ENGINE 


GUARANTEED: 

To     operate    on    the    cheapest  ( 

and  lieaviest  p;rades  of  petroleum 
and  crude  oils,  including  those 
from  the  California  and  Texas 
fields  with  an  asphaltum  base. 
To  deliver  the  full  rated  Brake 
Horse  Power  not  only  at  sea 
level  but  up  to  5000  ft.\altitude. 
To  consume  not  more  than  the 
following  quantities  of  fuel  per 
HHPhour:— 

When  running  at  %  to  full  load 0.5     lbs. 

atKtoM       "      0.65     " 

"        atMtoK      "     0.75     " 

Operates  at  medium  pressures. 

Not  more  than  IJ2  gallons  of  lubricating  oil  per  1000  BHP  hours  ordinarily 
required. 

Not  more  than  3  gallons  of  cooling  water  necessary  per  BHP  hour. 
Reliable  and  satisfactory  service  with  minimum  expense  for  upkeep. 
Manufactured  in  sizes  of  60  HP.  and  over. 
I>t ailed  information  in  bulletin  No.  112. 


TYPE  "HA"  OIL  ENGINE 

GUARANTEED: 
To  operate  satisfactorily  on 
ordinary  grades  of  distillates 
and  fuel  oils.  To  deliver  the 
full  rated  Brake  Horse  Power. 
To  consume  not  more  than  the 
following  amounts   of  fuel   per 

^ BHP  hour: 

^^TiMl^^I  When  running  at  full 

load 9     lbs. 

When  running  at  Y\ 

load 1.12     " 

When  running  at  ^  2  load 1 .  35     " 

In  sizes  from  10  HP.  to  100  HP. 

For  detailed  information  see  bulletin  No.  111. 

Both  types  are  adapted  to  and  used  in  all  classes  of  service  where  rehabihty  is  of 

importance  in  addition  to 

Low  Cost  of  Operation. 
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Gas  Producers 


THE  SMITH  GAS  POWER  COMPANY 

LEXINGTON,  OHIO 

GAS  PRODUCERS  FOR  POWER  AND  HEATING,  SUCTION  AND  PRES- 
SURE TYPES,  SPECIAL  DESIGNS  FOR  ANTHRACITE,  BITUMINOUS  AND 
LIGNITE  COAL.     TAR  EXTRACTORS  AND  GAS  CLEANING  PLANTS. 


STANDARD  APPARATUS  IS  BUILT  IN  FOUR  TYPES:  B,  BF,  C  AND  E. 
Type  B.  Built  in  nine  sizes.     From  50  to  300  H.P.   for  Anthracite  and  Bituminous  coal. 
Type  BF.    "     "      "        "  "      50    "  300     "        "    Bituminous  coal  only. 

Type  C.       "    "      "        "  "      50    "  300      "        "    Lignite. 

Type  E.      "    "  eleven  "  "      25    "  300      "       "    Anthracite  only. 


SPECIAL  FEATURES  OF  THE  DIFFERENT  TYPES 

Type  B  Producers  are  up-draft  equipped  with  mechanical  scrubbers.  They 
are  designed  to  produce  a  minimum  of  tar  and  a  maximum  of  high  heat  value  gas 
of  uniform  quality. 

Type  BF  Producers  are  the  same  as  Type  B  but  have  the  Type  F  tar  extractor 
instead  of  the  mechanical  scrubber.  This  tar  extractor  has  no  moving  parts  and 
the  tar  is  removed  without  the  use  of  water.  Any  desired  degree  of  gas  cleanness 
may  be  secured,  but  in  ordinary  practice  one  milligram  of  total  non-gaseous 
impurities  per  cubic  foot  is  considered  clean  enough  for  use  in  engines. 

Type  C  Producers  are  down-draft  equipped  with  the  Type  F  Tar  Extractor. 
The  design  is  such  that  nearly  all  of  the  volatile  contained  in  the  lignite  is  con- 
verted into  a  fixed  gas.  It  is  not  necessary  to  shut  down  for  cleaning.  Many 
plants  in  service  ranging  from  50  to  1600  H.  P.  in  capacity. 

Type  E  Producers  are  up-draft  equipped  with  static  baffle  scrubbers  only. 
SPECIAL  FEATURES  COMMON  TO  SMITH  PRODUCERS  OF  ALL  TYPES 

Patented  automatic 
method  of  regulating  the 
ratio  of  steam  to  air  in  the 
blast  at  all  loads. 

Flat  swinging  grates  in 
smaller  sizes — shaking  grates 
mechanically  operated  in 
larger  sizes.  Special  facili- 
ties provided  for  removing 
ash  from  center  of  fire. 

Low  driving  rate  per  sq. 
ft.  of  grate  area  so  that  the 
temperature  of  the  fire 
will  not  reach  the  fusing 
l)()int  of  the  ash. 

Deep  fuel  bed  enables  the 
producer  to  respond  to 
sudden  fluctuations  in  load. 

Large  fuel  magazine  ob- 
viates the  necessity  of  fre- 
quent charging. 

Charging  Hojiper  design 
that  prevents  the  admi.ssion 
of  air  to  the  top  of  the  pro- 
ducer while  charging. 

The  Static  Baffle  Scrub- 
ber is  efficient,  compact,  and 
"fool  proof." 

P  a  t  V  n  t  e  d  self-cleaning 
l)roducer  gas  valves. 

Exluuisters  and  automa- 
tic pressure  regulators  fvu-- 
nished  when  it  is  desired  to       .  _  . 

deliver  gas  under  pressure 

to  engines   or   for   heating.     Smith  Type  B  Suction  Producers  to  operate  on  bituminous  fuel 

_ 
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EDCiE   MOOR   IRON  COMPANY 

EDGE  iMOOR,  DELAWARE 


III  Broadway 
NEW  YORK 


79  Milk  Street 
BOSTON 


First  Nat'I  Bank  Bid?. 
CHICAGO 


Rialto  Bldg. 

SAN  FRANCISCO 


BUILDERS  OF  THE  EDGE  MOOR  WATER  TUBE  BOILER 


Four  Pass  Edge  Moor  Boiler  Fitted  with  Superheater 


The  distinctive  feature  of  the  Edge 
Moor  water  tube  boiler  is  that  the 
drum  opens  at  both  ends  directly  into 
extended  headers,  or  water-legs,  as 
shown  in  the  illustration. 

The  inner  cross-sectional  area  of  a 
header  is  the  same  throughout,  thus 
avoiding  constricted  passages  which 
interfere  with  free  circidation  from  the 
tubes  to  the  combined  steam  and 
water  drum. 

It  is  therefore  impossible  to  split  the 
circulation  of  water  in  the  tubes,  no 
matter  how  hard  the  boiler  is  fired, 
thereby  i)ermitting  tremendous  forcing 
of  the  boiler  without"  danger  of  damag- 
ing the  tubes. 

This  distinctive  construction  also 
gives  a  greatly  increased  disengaging 
surface  for  the  separation  of  generated 


steam  from  water.  Furthermore,  the 
drum  is  horizontal  and  the  steam 
outlet  is  on  the  rear  header  so  that  the 
generated  steam,  which  comes  up  the 
front  header,  must  traverse  the  full 
length  of  the  drum  at  a  relatively  low 
velocity.  Dry  steam  at  all  rates  of 
evaporation  is  thus  assured. 

These  features  make  the  Edge  Moor 
boiler  especially  suitable  for  the  severe 
requirements  of  large  central  power 
plants,  where  a  great  many  have  been 
installed. 

The  Edge  Moor  boiler  is  in  success- 
ful use  with  various  kinds  of  grates 
and  stokers,  and  with  miscellaneous 
coals,  crude  oil,  and  other  fuels. 


The   sizes   varv 
1000  H.P. 


from    100   H.P.    to 


Write  our  nearest  office  for  further  information. 
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Boilers 


New  York 


E.  KEELER  COMPANY 

Established  1864 

WILLIAMSPORT,  PA. 

Philadelphia        Pittsburgh        Chicago        New  Orleans        Dallas         San  Francisco 

WATER  TUBE,  TUBULAR  AND  MARINE  BOILERS, 
STEEL  PLATE  WORK 


Standard  Type  Water  Tube  Boiler 


WATER  TUBE  BOILERS 

standard  Type 

The  arrangement  of  furnace,  tubes,  headers 
anfl  drum  in  the  Keeler  Water  Tube  Boiler  is 
efficient,  accessible  and  compact.  The  superior 
efficiency  of  the  Keeler  Boiler  rests  upon  correct 
proportions  of  heating  and  grate  surface  for  the 
character  of  fuel  to  be  burned,  ample  height  of 
furnace,  a  superior  arrangement  of  baffle  walls 
and  a  perfect  circulation.  Every  portion  of  the 
heating  surface  is  accessible  for  both  external  and 
internal  inspection,  making  it  impossible  for  soot 
or  scale  to  accumulate  undetected.  There  is  ample  room  between  tubes  and  drum 
for  inspection  or  repairs.  Special  side  cleaning  doors  make  it  possible  to  observe 
the  condition  of  the  outside  .surface  of  the  tubes.  There  is  no  part  of  the  interior 
surface  that  cannot  be  examined  and  cleaned. 

Keeler  Water  Tube  Boilers  are  usually  built  complete  and  tested  in  the  shop. 
This  reduces  the  cost  of  erection,  as  the  boilers  are  handled  as  a  unit.  It  also 
eliminates  the  dangers  due  to  careless  assembling  of  boilers  in  the  field  and 
makes  the  erection  merely  a  matter  of  placing  in  position  and  attaching  fittings. 

Boilers  of  500  H.  P.  and  more  must  be  shipped  in  a  knocked  down  condition. 
We  are  prepared  to  send  erecting  engineers  to  any  part  of  the  country  to  rivet 
the  drums  to  tlie  headers,  expand  the  tubes  and  test. 

WATER  TUBE  BOILERS 

Cross  Drum  Type 

The  Keeler  Cross  Drum  Water  Tube  Boiler  is  a 
modification  of  the  standard  design,  only  in  the 
length  and  location  of  the  drum  and  the  method  o 
connecting  it  to  the  headers.  This  type  was 
developed  to  meet  the  demand  for  a  high  grade 
water  tube  boiler  that  could  be  installed  in  Office 
Buildings,  School  Houses,  Churches,  Apartment 

Houses,  Hotels  and  boiler  rooms  generally  where   Cross  Drum  Type  Water  Tube  Boiler 
ceiling  height  is  limited  or  where  the  boiler  must 
be  introduced  through  narrow  passageways  or  restricted  openings. 

The  pressure  parts  of  the  boiler  are  shipped  in  a  knocked  down  condition, 
making  it  possible  to  install  it  without  cutting  through  walls  and  floors  in  loca- 
tions that  would  be  wholly  inaccessible  for  almost  any  other  type  of  boiler. 
If  boilers  are  to  be  exported,  the  cross  drum  boiler  can  be  handled  at  much 
less  expense  by  steamship  companies  on  account  of  its  reduced  bulk  in  a  knocked 
down  condition,  and  the  comparatively  small  weight  of  the  heaviest  piece. 

HORIZONTAL   RETURN    TUBULAR  BOILERS 

Our  Return  Tubular  Boiler  is  the  product  of 
fifty  years'  experience  of  boiler  building.  Tube 
holes  are  drilled  from  the  solid  plate,  and  not 
punched  small  and  reamed  to  size.  All  seams  are 
thoroughly  caulked  on  the  outside,  and  the  end  of 
butt  straps  are  caulked  on  the  inside.  Braces  are 
drop  forged.  Steam  outlets,  man  hole  plates,  yokes 
and  brackets  are  of  pressed  steel. 


Horizontal  Return  iuDular  Boiler 
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JOHN  MOHR  &  SONS 

349-359  W.  Illinois  St.  CHICAGO,  ILL. 

GARBE    WATER    TUBE    BOILER,  BLAST   FURNACES,   STEEL  LADLES,  HOT  STOVES, 
CUPOLAS,  FURNACES,  MIXERS,  CONVERTERS,  STERILIZERS,  ETC. 


THE  GARBE  BOILER 

Special  Advantages 

All  handholes  with  their 
troublesome  and  expensive  gas- 
kets are  eliminated,  as  the  tubes 
are  expanded  into  very  large 
drums  which  are  equipped  with 
the  patented  pressed  "Garbe" 
Plate.  Any  tube  can  easily  and 
quickly  be  inserted,  removed 
and  replaced  without  distm'b- 
ing  any  of  the  others. 

Elimination  of  all  flat  surfaces, 
stay  bolts  and  braces.  All  parts 
of  Boiler  are  cylindrical  and 
curved. 

All  tubes  are  absolutely 
straight  and  nearly  vertical, 
therefore  the  entire  circumfer- 
ence of  tube  is  directly  exposed 
to  the  gases.  The  effective  heat- 
ing surface  is  materially  larger 
than  that  obtained  by  horizontal 
tubes. 

The  upper  drum  is  suspended  from  a  substantial  structural  frame  work, 
absolutely  independent  from  the  mason  work.  The  lower  drum  is  in  contact  with 
two  slides  or  guides,  thereby  allowing  free  expansion  of  tubes,  equalizing  the 
strain  between  drums  and  reducing  chances  of  leakage  to  a  minimum. 

The  vertical  arrangement  of  tubes  allows  the  steam  to  develop  very  freely 
and  to  flow  by  the  shortest  way  possible  without  changing  direction  to  the  upper 
drum,  thereby  causing  a  very  rapid  circulation.  The  tubes  are  distributed  over 
the  full  length  of  the  Boiler,  thus  giving  a  large  and  uniform  steam  liberating 
surface,  equal  to  the  full  area  of  the  tubes.  This  vertical  arrangement  of  tubes 
will  do  away  with  local  overheating  and  consequent  rupture  of  the  tubes  so 
often  occurring  in  horizontally  arranged  tubes. 

Soot,  dust  and  ashes  cannot  accumulate  on  tubes  or  any  part  of  drum,  thereby 
allowing  longer  periods  of  operation  without  the  necessity  of  cleaning. 

Large  water  capacity,  due  to  the  extremely  large  size  of  upper  and  lower  drum, 
insuring  a  more  constant  water  level  than  any  other  Boiler. 

The  feed  water  passes  through  the  rear  bank  of  tubes,  which  have  the  lowest 
temperature,  to  the  lower  drum  and  deposits  therein  all  impurities. 

Over  half  of  the  entire  heating  surface  is  effective  in  liberating  steam. 

Practically  no  scale  in  tubes  owing  to  rapid  circulation  and  vertical  tubes. 


Garbe  Patent  Water  Tube  Boiler 
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THE  WICKES  BOILER  COMPANY 

SACINAW,  MICHIGAN,  U.  S.  A. 

VERTICAL  WATER  TUBE  BOILERS;  HIGH  GRADE  RETURN  TUBULAR 

BOILERS 


These  boilers  are  designed  for  delivering  dry  steam,  for  very  easy  cleaning 
and  for  liigh  every-day  thermal  efficiency.  The  illustration  gives  a  clear  idea  of 
the  design,  which  consists,  primarily,  of  uj^per  and  lower  drums  joined  by  pei'fectly 
straight  boiler  tubes. 

The  steam  drum  is  arranged  to  give  a  height  of  66"  from  water  line  to  the 
dished  head,  upon  which  the  steam  outlet  nozzle  is  riveted.  This  high  drum 
serves  several  purposes.  It  provides  room  for  separation  from  the  steam  of 
water  which  is  always  entrained  with  steam  at  a  point  close  to  the  surface  of 
liberation;  it  gives  room  for  workmen  to  stand  inside  of  the  boiler  when  cleaning 
the  tubes,  and  since  the  shell  is  subject  to  a  mild  degree  of  heat  some  superheat 
is  effected  upon  the  steam. 

Two  12"  X  16"  manholes  open  this 
boiler,  it  is  accessible  from  top  to  bottom 
for  inspection  and  cleaning.  The  tubes 
are  straight;  every  tube  can  be  looked 
through,  washed  or  scraped.  The  il- 
lustration shows  a  man  standing  erect 
using  a  turbine  cleaner.  Is  it  laborious 
compared  with  the  work  in  other  forms 
of  boilers?  Two  men  can  open,  turbine, 
close  and  fill  this  boiler  in  ten  hours. 

The  circulation  of  the  water  is  up 
the  front  tubes  and  down  the  rear. 
The  tube  area  is  made  equal  in  both 
tets  of  tubes  in  order  to  provide  free 
circulation  both  for  water  and  steam. 
Steam  pockets  cannot  form  and  the 
arrangement  equalizes  heating  through- 
out the  boiler. 

The  blow-off  is  located 
at  the  very  lowest  point 
of  the  bottom  of  the  mud 
drum.  Feed  water  is  usu- 
ally introduced  into  the 
steain  drum  directly  into 
the  down-take  tubes  far 
below  the  water  line. 

The  furnace  is  of  the 
external  oven  type,  the 
grate  surface  being  entire- 
ly surrounded  by  highly 
heated  surface  in  order  to  avoid  chilling  the  products  of  combustion.  Any  type 
of  stoker  may  be  ai^plied  to  the  furnace. 

The  gases  in  their  flow  from  furnace  to  outlet  are  compelled  to  sweep  over 
lieatiTig  surface  in  every  foot  of  their  travel;  every  foot  of  heating  surface  in  the 
boiler  is  swejjt  over  by  the  gases  in  tlieir  travel.  The  gases  are  closely  enough 
confined  to  the  heating  surface  to  entirely  surround  and  cover  it,  as  well  as  estab- 
lish a  strong  scrubbing  action  of  gas  to  metal.  No  chance  for  gases  to  short- 
circuit  exists.  No  chance  for  gases  to  enter  pockets  in  the  setting  unfilled  with 
heating  surface  exists.  A  very  long  gas  travel  is  provided.  The  design  provides 
for  the  very  best  heat  transfer  by  conduction  and  convection. 

The  tubes  being  vertical,  soot  and  dust  carried  on  gases  and  impurities  pre- 
cipitated from  the  water  fall  to  the  mud  drum,  where  easy  removal  is  provided 
for. 

The  boiler  is  constructed  of  the  very  best  homogeneous  steel,  made  by  the  open 
hearth  process.  The  highest  character  of  workmanship  known  to  the  art  at  the 
present  day  is  put  upon  these  boilers.  The  closest  scrutiny  and  inspection  by 
the  best  informed  on  this  workmanship  is  invited  and  requested. 
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Hydraulic   Turbines 


I.   P.   MORRIS  COMPANY 

HYDRAULIC    DEPARTMENT 

PHILADELPIA,  PA. 

SPECIALISTS  IN  THE  DESIGN  AND  CONSTRUCTION  OF  HIGH  CLASS, 
HIGH  POWER  AND  HIGH  EFFICIENCY  HYDRAULIC  TURBINES 


Cross  section  through  one  6,000  horse-power  turbine  in  Development  No.  2 
Power  House,  Appalachian  Power  Company,  Vu'ginia.  Total  equipment  fur- 
nished this  Company  consists  of  seven  turbines  with  I.  P.  Morris  governors. 
Careful  efficiency  tests  made  by  the  Consulting  Engineers  of  the  Power  Company, 
Messrs.  Viele,  Blackwell  &  Buck,  show  the  average  of  the  maximum  efficiencies 
of  two  of  the  units  to  be  93.7%,  clearly  indicating  the  advisability  of  using  the 
single  runner,  vertical  shaft  turbine  for  low  heads. 

Among  the  contracts  for  turbines  of  this  type  recently  awarded  to  the  I.  P. 
Morris  Company  may  be  mentioned: 
A{5palachian  Power  Company,  New  River,  Va.: 

Station  No.  2 
4—6,000  n.P.  turbines,  head  49  feet,  speed  116  R.P.M.; 

Station  No.  4 
.3— 3,.500  H.P.  turbines,  head  34  feet,  speed  95  R.P.M.; 
Mississipj)!  River  Power  Company,  Keokuk,  Iowa: 

8—10,000  H.P.  turbines,  head  32  feet,  speed  57.7  R.P.M. 
J.  G.  White  &  Co.,  Stevens  Creek  Development,  Georgia: 

5—3,125  H.P.  turbines,  head  27  feet,  speed  75  R.P.M. 
Alabama  Power  Companv,  Coosa  River,  Alabama: 

4— 17,.500  H.P.  turbines,  head  68  feet,  speed  100  R.P.M. 
Cedar  Rapids  Mfg.  &  Pr.  Co.,  St.  La\vi-ence  River,  Canada: 

9—10,800  H.P.  turbines,  head  30  feet,  speed  55.6  R.P.M.; 
3—1,500  H.P.  turbines,  head  30  feet,  speed  150  R.P.M. 
Laurentide  Companv,  Ltd.,  Grand  Mere,  P.  Q.,  Canada: 

6—20,000  H.P.  turbines,  head  76  feet,  speed  120  R.P.M. 
Total  capacity  of  turbines  built  or  under  construction  by  L  P.  Morris  Com- 
pany, 1,586,735  horse-power,  of  which  turbines  aggregating  711,735  lior.se-power 
wcn-e  contracted  for  during  the  last  eighteen  months. 
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GREEN  ENGINEERING  CO. 


CHICAGO 


ILLINOIS 


MANUFACTURERS  OF  GREEN  CHAIN  GRATE  STOKERS;  GECO  RATCHET  ASH 
DRAGS;  GECO  PRESSURE  WATERBACKS;  GECO  PNEUMATIC  ASH  HANDLING 
SYSTEMS. 


GREEN  CHAIN  GRATE  STOKER 

The  Green  Chain  Grate  Stoker  gives  in  service  a  practical  demonstra- 
tion of  progressive  combustion,  the  fuel  being  fed  in  at  the  front  of  the 
furnace  and  carried  at  regulated  speed  to  the  rear  of  the  furnace,  where, 
as  ashes,  it  drops  into  the  ash  pit  to  be  removed  mechanically  or  by  hand. 
Operation  is  entirely  automatic  and  continuous.  The  fuel  is  ignited  and 
coked  at  the  front  end  of  furnace,  air  is  admitted  through  automatically 
cleaned  air  spaces  in  grate,  and  smokeless  combustion  with  low  grade  fuel 
is  produced.  It  will  quickly  pick  up  or  drop  a  heavy  load  or  economically 
bank  the  fire.  Labor  cost  for  cleaning  furnace  is  low  and  the  cost  for 
repairs  minimized. 

Green  Stoker  Applied  to  a  Horizontal  Water  Tube  Boiler 


Construction 

Two  types  of  grates  are  made  adaptable  to  any  make  of  boiler.  The  fire 
bed  may  be  level  or  sloping.  The  side  girders  of  frame  are  entirely  away 
from  the  fire  and  arranged  to  provide  an  increased  air  supply.  Heavy 
cast-iron  links,  thoroughly  ventilated,  form  the  firing  bed.  These  links  inter- 
lock and  automatically  clear  the  air  spaces  without  excessive  loss  of  fine  coal. 
The  rear  cross  girder  is  fitted  with  a  heavy  plate  on  under  side  upon  which 
ashes  accumulate  and,  in  connection  with  the  members  just  above  and  below, 
prevent  the  passage  of  air  around  rear  portion  of  grate,  where  ashes  dis- 
charge; and  this  is  further  supplemented  by  dampers,  which  prevent  the 
leakage  of  air  past  the  side  frames  or  below  the  lower  part  of  the  chain. 
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Ash  Handlinq  Systems 


GREEN  CHAIN  GRATE  STOKER 

The  grates  arc  built^  in  any  width  and  in  lengths  from  9  ft.  up  to  12  ft.  deej). 
Driving  mechanism  consists  of  ratchet,  cast-steel  pawls  and  cast-steel  spur  gear 
train  babbitt(>d  in  a  special  self-contained  frame  independent  of,  but  bolted  to 
the  stok(!r  front  side  frame.  Quick  adjustment  may  be  had  over  a  wide  range 
and  the  source  of  power  may  be  either  above  or  below  the  boiler-room  floor.  A 
regulating  feed-gate  j)erraits  hard  firing  and  is  provided  with  an  easily  renewable 
tile  lining,  which  prevents  injury  to  the  gate  by  fire  eating  back  into  coal  hopper. 
Tlu!  igniting  arch  is  adaptable  to  any  width  furnace  and  easily  renewable  at  low 
cost.  It  is  flat,  ventilated,  and  it  gives  uniform  ignition  the  full  width  of  the 
furnace  and  allows  local  repairs  at  any  point  without  undue  loss  of  use  of  the 
boiler. 


Stoker  Withdrawn  From  Setting 


GECO  PNEUMATIC  ASH  HANDLING  SYSTEM 

This  system  consists  of  a  conveyor  pipe  located  convenient  to  ash  pits  and 
l^rovided  with  openings  into  which  ashes  are  readily  hoed.  An  air  current  of 
high  velocity  instantly  carries  the  ashes  to  a  separator  and  storage  tank.  On 
entering  tank  the  ashes  are  automatically  sprayed,  thoroughly  quenched,  sepa- 
rated from  air  and  deposited.  An  exhauster  produces  the  air  current.  Tank 
may  be  readily  emptied  by  gravity  into  carts,  or  cars.    One  man  operates  system. 
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GREEN  ENGINEERING  COMPANY 


'L"-TYPE   GREEN   CHAIN   GRATE   STOKERS 


The  advantages  of  automatic  operation  of  chain  grate  stokers  have  been 
enviously  hoped  for  by  users  of  low  volatile  coal  for  many  years,  as  no  other 
type  of  stoker  can  be  operated  as  cheaply  or  with  such  uniformly  continuous 
high  economy  and  high  capacity. 

"L"-Type  Green  Chain  Grate  Stokers  provide  facihties  for  treating  low 
volatile  coals  when  introduced  into  the  furnace  to  force  their  proper  ignition  and 
prepare  them  for  complete  combustion  thereafter.  The  facilities  provided  arc 
all  automatic,  simple,  effective,  and  through  wide  range,  making  the  apparatus 
flexible. 

The  burning  of  low  volatile  coal  having  several  constituents  is  a  complex 
problem  of  thorough  ignition,  and  in  "L"-Type  Green  Chain  Grate  Stokers,  is 
solved  by  three  distinct  and  progressive  stages.  The  first  subjects  the  fuel  to 
radiated  heat,  liberating  and  igniting  its  volatile  constituents,  a  process  accom- 
panied by  a  caking  tendency,  resulting  from  the  deposit  of  tarry  constituents 
onto  the  remaining  fuel.  The  second  stage  prevents  this  caking  by  agitation 
of  the  fuel  while  complete  coking  without  combustion,  that  is,  without  intro- 
duction of  air,  is  taking  place.  The  third  stage  begins  with  the  deposit  of  entirely 
coked  and  ignited  fuel  onto  the  chain  grate  surface  in  a  porous,  fragmentaiy 
condition,  permitting  the  passage  there  through  of  ample  uniformly  distributed 
air  supply.  Under  these  conditions,  combustion  is  readily  completed  before 
discharge  of  the  ash.  All  these  processes  and  operations  are  automatically  per- 
formed and  can  be  maintained  continuously  after  the  various  adjustments  pro- 
vided in  the  apparatus  have  been  properly  set  for  the  particular  fuel  to  be  used. 

The  successes  made  with  over  50,000  H.  P.  in  operation  since  the  introduction 
of  these  stokers,  bear  out  the  correctness  of  the  theory,  design  and  practical 
operation  of  "L"-Type  Green  Chain  Grate  Stokers. 


ShakuKj  and  Ditnipi/N/   (j rales 


WASHBURN  &  GRANGER 

50  CHURCH  STREET,  NEW  YORK 

THE  DEAN  DUMPING  GRATE;  DEAN  SHAKING  GRATE;  COMBINATION 
SHAKING  AND  DUMPING  GRATES  OR  STATIONARY  GRATES. 


THE  DEAN  DUMPING  GRATE 

The  illustration  shows  a  twelve-cradle  grate  for  a  furnace  10'  4"  wide  by  7'  0" 
deep.  The  rear  grates  are  tipped  for  dumping.  To  clean  the  front  half  of  the 
grate  the  live  coals  are  first  moved  to  the  rear  bars.  Tipping  cradles  to  angle 
of  65  degrees  frees  the  grate  instantly  of  ash  and  clinker.  The  bars  are  then 
returned  to  normal  position  and  all  the  live  coals  pulled  forward  to  permit  the 
rear  grates  to  be  dumped  and  cleaned,  after  which  the  fire  is  spread  and  covered. 


This  type  of  grate  is  particularly  adapted  to  deep  furnaces  and  fire-boxes  of 
water-tube  boilers  in  which  the  bridge  walls  are  built  up  to  the  tubes. 

The  grates  rest  in  cradles,  are  free  to  expand  and  contract  and  are  readily 
removable.  The  cradles  offer  a  two-point  bearing  for  the  bar  which  prevents 
them  from  warping  as  occurs  in  bars  supported  only  at  the  middle.  The  cradles 
are  dumped  in  tandem  by  levers  operated  at  the  front  of  the  boiler. 

THE  DEAN  SHAKING  GRATE 

The  illustration  below  shows  a  six-section  shaking  grate,  built  three  sections 
wide  for  bituminous  coal.  This  view  shows  adjustable  legs  by  which  the  grate 
may  be  raised  or  lowered  at  the  bridge  wall  or  adjusted  at  any  time  to  accom- 
modate an  increased  thickness  of  fire.     This  is  imjiossible  where  grates  are  built 


into  the  brick  work.     The  type  shown  also  has  the  advantage  of  freedom  for 
expansion  and  contraction. 

The  entire  grate  surface  moves  when  operated,  even  to  the  end  bars.  This 
enables  the  fire  to  be  cleaned  from  bridge  wall  to  dead  plate  solely  by  the  move- 
ment of  the  grates. 

COMBINATION  SHAKING  AND  DUMPING  GRATES  OR 
STATIONARY  GRATES* 

We  manufacture  grates  for  all  sizes  of  furnace  and  in  any  combination  for  all 
grades  and  sizes  of  coal.  Standard  grate  bars,  boiler  fronts  and  firing  tools  fur- 
nished promptly. 
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MURPHY  IRON  WORKS 

DETROIT,   MICHIGAN 

FOUNDED  1878 
MANUFACTURERS  OF  THE  MURPHY  AUTOMATIC  SMOKELESS  FURNACE 


THE  MURPHY  AUTOMATIC  FURNACE  is  automatic  in  all  its  func- 
tions.     It  feeds  and  distributes  the  coal  and  removes  the  ash  and  refuse. 

It  is  adaptable  to  any  type  of  boiler  and  to  units  of  any  size. 

It  will  handle  economically  all  grades  of  bituminous  fuels  and  is  practi- 
cally smokeless  under  normal  operating  conditions. 

It  is  capable  of  handling  variable  loads  and  heavy  overloads  efficiently 
and  with  minimum  attention. 

The  cost  of  maintenance  is  low,  averaging  about  lOc.  per  horsepower  per 
year. 

It  operates  with  natural  draft,  the  cost  of  actuation  ai)pro\imates  3  of 
1  per  cent  of  total  steam  generated. 
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The  Murphy  Automatic  Smokeless  Furnace 
REAR  VIEW 

Its  usefulness  is  not  limited  to  steam  making,  it  will  give  excellent 
results  in  all  operations  where  high  temperatures  are  required,  such  as 
brick  drying,  cement  burning.  soJt  evaporation,  cilcining  of  soda  ash.  heat- 
ing furnaceS;  etc. 
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MURPHY  IRON  WORKS 


Murphy  Furnace — Dutch  Oven  Setting 

At  either  side  of  the  furnace  extending  from  front  to  rear  is  the  coal  maga- 
zine into  which  the  coal  may  be  introduced  either  by  hand  or  mechanically. 
At  the  bottom  of  this  magazine  is  the  coking  plate  against  which  the  inclined 
grates  rest  at  their  upper  ends.  The  stoker  boxes,  operated  by  segment 
gear  shafts  and  racks,  push  the  coal  over  the  coking  plate  and  onto  the  grates. 
The  grates  are  made  in  pairs,  one  fixed  and  the  other  movable.  The  sta- 
tionary grates,  at  their  lower  ends,  rest  on  the  grate  bearer,  which  also  acts 
as  a  support  for  the  clinker  grinder.  The  clinker  grinder  consists  of  a 
square  steel  shaft,  onto  which  is  slipped  small  cast  iron  toothed  segments, 
which  are  readily  replaced  in  case  of  breakage.  Just  over  the  coking  plate 
is  the  arch  plate,  from  which  a  fire  brick  arch  is  sprung  over  the  entire  fur- 
nace. Upon  this  arch  plate  are  cast  numerous  ribs  to  form  a  series  of  aif 
ducts  immediately  over  the  coking  plate,  conveying  the  heated  air  from  the 
chamber  above  the  arch  into  the  combustion  chamber.  This  arch  plate 
also  forms  the  wall  of  the  magazine.  The  furnace,  or  battery  of  furnaces, 
can  be  operated  by  a  small  automatic  engine,  motor  or  by  overhead  shaft 
and  ratchet  drive,  as  may  be  desired.  Arrangement  is  made  for  exhaust 
steam  connections  at  the  lower  end  of  the  grates  for  the  protection  of  this 
portion  of  the  grates  and  clinker  grinders  and  for  the  softening  of  the  clinker. 
In  connection  with  horizontal  tubular  boilers  or  water  tube  boilers  horizon- 
tally baffled,  the  Murphy  furnace  can  be  installed  with  a  flush  front  setting. 
Arrangement  can  be  made  for  extended  or  Dutch  oven  settings,  should 
this  be  desired. 
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Shakinq  and  Diinit^nuf   Grates 


NEEMES  BROTHERS 

24-30  River  Street,        established  1874        TllOY,  N.  Y.,  U.  S.  A. 

Babcock  &  Wilcox,  Lmtd.,  Montreal,  Canada.     Sole  makers  for   Canada. 

The  Burke  Engineering  Co.,  525  Industrial  Trust  Bldg.,  Providence,  R.  I. 

Sole  Agents  for  the  New  England  States.    C.  F.  Catillaz,  39  Cortlandt  St., 

New  York  City. 

MANUFACTURERS  OF  SQUARE  AND  ROUND   GRATES 


A  COAL-SAVING  GRATE 

A  grate  which  uses  the  coal  wastelessly  and  which  is  so  constructed  that  long  life  and 

continually  satisfactory  grate  service  are  features. 

NEEMES   BROS.    IMPROVED    CLINKER    CUTTING,    SHAKING    AND 
DUMPING  GRATE 

It  is  a  triple  value  grate — enables  you  to  shake  out  your  ashes,  cut  out  your  clinkers,  or  dump 
your  fire,  if  necessary.  This  grate  cuts  the  clinker  from  both  sides  of  the  shaker  alike.  Thib  is  the 
kind  of  a  grate  that  is  wanted  today,  and  not  one  that  rneroly  shakes  out  a  little  ashes.  It  burns 
all  kinds  and  grades  of  fuel,  and  burns  it  all  up.  The  construction  of  the  grate  is  strong.  The  teeth 
rannot  break  off,  as  we  cut  and  crush  the  clinker  in  the  center  of  the  concaved  teeth,  and  not  on 
the  points  cf  the  teeth.  It  is  easy  to  operate,  thoroughly  dependable;  it  accomplishes  perfect 
results  with  cheaper  coal  and  with  less  coal  than  ycu  are  now  using,  thus  effecting  a  double  saving, 
and  assures  perfect  combustion  of  any  grade  5-ou  may  use.  The  Lock  Box  is  also  nn  important 
feature.  When  the  shakers  are  set  in  the  frame,  ard  the  boxes  put  in  with  the  Locks,  no  shaker 
can  pcssibly  raise  in  the  fire. 

This  grate  is  backed  by  many  years'  experience  as  grate  manufacturers. 
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Slinkinf)   Grates 


ST.  JOHN  GRATE  BAR  CO. 

A.  B.  WiLLOUGHBY,  Manager 

MACHINERY  DEPT.  THE  BOURSE,  PHILA.  PA. 

CONSULTING  AND  MECHANICAL  ENGINEERS,  EXPERTS  IN  COMBUSTION. 

MANUFACTURERS  OF  WILLOUGHBY' S  PATENT  IMPROVED  SHAKING  GRATES  AND 
FURNACES,  WILLOUGHBY'S  PATENT  ALTERNATING  SHAKING  GRATES  FOR  FIRE 
ENGINES  AND  ALL  BOILERS  WITH  CIRCULAR  FIRE  BOXES. 


WILLOUGHBY'S  ST.  JOHN  PATENT  IMPROVED  SHAKING  GRATES 

AND  FURNACES 
These  grates  are  especially 
.suitable  for  internally  fired 
Corrugated  Fvu'naoes,  but  are 
used  to  advantage  in  all  kinds 
of  boilers  and  furnaces,  with 
any  fuel,  and  with  natural, 
forced  or  induced  draft. 

FIRES  CLEANED  BY 
SHAKING 

Their  upe  does  away  very 
largely  with  the  need  of 
"cleaning  fires,"  since  the 
construction  and  operation 
is  such  that  all  refuse  can  be 
broken  up  and  passed  through 
the  bars  by  shaking.  These 
grates  have  been  run  seven 
weeks  without  -cleaning,  us- 
ing Pittsburgh  coal  in  inter- 
nally fired  boilers. 

INCREASED  BOILER  CAPACITY 

The  air  space  of  these  grates  is  so  much  greater  than  that  of  other  types  that 
much  more  coal  can  be  burned  per  foot  of  grate  surface,  thereby  evaporating 
more  water  and  increasing  the  capacity  of  the  boiler.  It  is  also  possible  to  burn 
inferior  coal  with  good  results,  and  less  clinker  than  with  other  grates. 

CONSTRUCTIONAL  FEATURES 
These  grates  run  longitudinally,  and  present  a  flat  surface  to  fire  upon,  over 
which  a  slice  bar  or  hoe  may  be  used  without  catching.     This  is  a  very  advan- 
tageous feature  not  found  in  other  shaking  grates. 

SUMMARY  OF  ADVANTAGES 

The  most  business-like  grate  on  the  market,  absolutely  "fool  proof." 

It  is  simple  in  construction.     Easily  operated. 

It  will  reduce  your  coal  bills.     Adapted  to  any  style  furnace. 

No  cold  air  over  the  fire. 

Adapted  to  either  hard  or  soft  coal. 

Will  reduce  the  clinker  to  a  minimum. 

Increased  air  space.     Will  improve  the  efficiency  of  j'our  boiler. 

Cleanings  are  reduced  to  a  minimum,  and  doors  kept  closed  longer  than  with 
any  other  method. 

No  bolts  or  nuts  or  cotter  pins  to  become  loose  or  broken  and  drop  out,  thus 
disabling  grate  at  the  most  inopportune  times. 

GUARANTEE 
With  the  installation  of  the  WILLOUGHBY  PATENT  IMPROVED  SHAK- 
ING GRATES,  we  will  guarantee  the  ability  to  develop  twenty-five  per  cent 
higher  capacity  than  can  be  secured  from  flat  stationary  grates  under  like  condi- 
tions, or,  we  will  guarantee  the  ability  to  develop  the  same  capacity  as  you  now 
secure  (from  flat  grates)  on  at  least  ten  per  cent  less  fuel  under  like  conditions 
on  a  twenty-four  hour  (or  longer)  run.  Provided:  an  evaporation  test  be  made 
with  both  flat  grates  and  this  grate  in  the  presence  of  our  representative. 


Expert  advice,  as  to  vecessary  requirements  for  the  most  efficient  combustion  of 
Ditumiitous  Coal.    Stationary  Grates  of  approved  design  for  all  Fuels. 
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Heaters  an^i  Condensers 


WM.  BARAGWANATH  k  SON 

"CHICAGO,  ILLINOIS 

FEED      WATER     HEATERS,      PURIFIERS,      CONDENSERS,     COOLING 
TOWERS,     SEPARATORS 


FEED  WATER  HEATERS,  STEAM  JACKETED  TYPE 
(Vertical,  Horizontal  and  Inverted) 

In  the  STANDARD  TYPE  as  here  illustrated  the  steam  enters 
the  bottom,  passes  up  through  the  tubes,  and  returns  down  the 
annular  space  between  the  inner  shell  and  the  jacket.  The  water 
is  fed  through  the  side  near  the  bottom  and  passes  to  the  boiler 
through  the  side  outlet  at  the  top.  The  steam  jacket  i^revents 
radiation  of  heat  from  the  water,  and  a  higher  degree  of  heat 
can  be  obtained  than  with  any  other  closed  heater  made.  Prop- 
erly proportioned  drips,  blow  offs,  and  hand  holes  are  provided. 

THE  INVERTED  TYPE  is  the  same  in  all  respects  as  the 
STANDARD  TYPE,  except  that  the  steam  enters  and  leaves  at 
the  top. 

THE  HORIZONTAL  TYPE  is  designed  for  use  in  low  base- 
ments and  for  marine  service.  It  has  all  of  the  advantages  of 
the  STANDARD  TYPE  and  is  widely  used  where  structural 
conditions  make  the  use  of  the  vertical  type  impossible  or  unad- 
visable.     All  types  built  in  sizes  from  50  H.  P.  up. 

VERTICAL  STEEL  OPEN  HEATER 

(With  Filter) 

This  HEATER  is  especially  suited  for  use  in  muddy  water. 
Also  in  connection  with  heating  systems,  acting  as  a  receiving  tank. 

The  water  inlet  is  sealed.  The  water  flows  over  a  series  of 
cast  iron  trays,  then  passing  through  a  down  pipe  into  the 
settling  chamber  in  the  bottom  of  the  heater,  from  which  it 
filters  upwards  through  the  filtering  chamber  to  the  piunp  supply. 

An  outside  connected  float  operates  a  balanced  valve  on  the 
supply  pipe. 

The  pans  are  readily  removable  through  a  large  door,  pro- 
vided for  that  purpose.     Built  in  sizes  from  50  H.P.  up. 

VERTICAL  HOT  WATER  HEATER 

This  HEATER  is  designed  especially  for  heating  water  for 
domestic  purposes  and  is  particularly  adapted  to  hotels,  res- 
taurants, laundries  and  other  buildings  requiring  large  quan- 
tities of  hot  water. 

The  natural  circulation  through  the  central  tube  is  accelerated 
by  the  flow  of  incoming  cold  water,  creating  a  strong  circulation 
and  making  both  upper  and  LOWER  water  chambers  reservoirs 
of  HOT  water,  thus  providing  against  a  sudden  demand  for  the 
maximum  requirements  for  hot  water. 

The  manholes  provided  in  both  water  chambers  allow  easy 
access  for  cleaning  and  inspection.     Built  only  to  order. 

BAROMETRIC  CONDENSERS 
THE  BARAGWANATH  BAROMETRIC  CONDENSER  is 

simple,  reliable  and  economical.  It  is  always  set  at  an  eleva- 
tion (usually  33  ft.)  above  the  hot  well,  so  that  the  height  of  the 
cohunn  of  water  in  the  tail  pipe  is  sufficient  to  clear  itself  auto- 
inatically  of  the  water  and  air  it  contains. 

It  is  applicable  to  any  i)vu-pos(>  re(}uiring  a  vacuum,  and  is 
used  on  engines,  pumps,  and  vacuum  pans  with  equal  success. 
Except  under  special  conditions  of  leaky  connections,  or  very 
high  vacuum  requirements,  no  air  pump  is  used. 
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Condensers 

C.    H.    WHEELER  MANUFACTURING 
COMPANY 

i     Miiiii  Office  uud  Works  PHILADELPHIA,  PA. 


HIGH  VACUUM  APPARATUS  FOR  STEAM  TURBINES:  Hurfaco,  Jet 
and  Barometric  Condensers.  Water  Cooling  Towers  of  the  Forced  and  Natural 
Draft  designs.  Vacuum  Pumps  of  the  Reciprocating,  Rotary  and  Hydraulic 
Entrainment  High  Speed  types.  Centrifugal  Pumps— motor,  engine,  turbine 
and  belt  driven.  Closed  Feed  Water  Heaters.  Special  Turbine  Exhaust  Gate 
Valves.     Copper  Expansion  Joints.     Multiflex  Atmospheric  Exhaust  A'alves. 

"  EVERYTHING  BUT  THE  TURBINE  " 


HIGH  EFFICIENCY  SURFACE  CONDENSING  EQUIPMENT  consisting 
of  a  C.  H.  Wheeler  Improved  Surface  Condenser  with  ROTREX  Vacuum 
Pump  and  Centrifugal  Cu'culating  Pump,  both  mounted  on  a  common  base 
plate  and  direct  connected  to  a  Vertical  Enclosed  Self  Lubricating  Engine. 


C.  H.  Wheeler-Pratt  Improved  Forced  Draft  Cooling  Towers  of  steel,  wood  or 
concrete  construction;  also  Natural  Draft  Wooden  Coohng  Towers. 


Feed-JVater  Heaters 


THE  NATIONAL  PIPE  BENDING  CO. 


Boston  Office 
54  High  Street 


Main  Office  and  Works 

NEW  HAVEN,  CONN. 


New  York  Office 
149  Broadway 


THE  NATIONAL  COIL  OR  CLOSED  FEED-WATER  HEATER.  THE  NA- 
TIONAL DIRECT  CONTACT  FEED-WATER  HEATER  AND  PURIFIER. 
NATIONAL  STORAGE  HEATERS.  NATIONAL  STEAM  AND  OIL  SEPARA- 
TORS.    COILS  AND  BENDS  OF  IRON,  BRASS  AND  COPPER  PIPE. 


THE  NATIONAL 
DIRECT  CONTACT  FEED-WATER  HEATER  AND  PURIFIER 


In  the  Direct  Contact  (open  type)  Heater,  the  feed  water  is  brought  to  high 
temperature  by  direct  and  actual  contact  with  the  exhaust  steam,  then  freed 
from  those  impurities  which  are  precipitated  by  heating,  and  histly,  filtered 
before  flowing  to  the  pump.  It  combines  in  one  apparatus  a  Heater,  Pi.n-ifier, 
Storage,  Reservoir  and  Oil  Separator. 

The  water  enters  through  a  regulating  valve  and  is  distributed  to  the  smaller 
or  iiuier  i)ii)es  which  extend  the  full  length  of  the  heater.  Overflowing  the  jiort 
at  the  top,  it  passes  as  a  thin  film  over  the  entire  outer  surface  of  tlie  large  pipe. 
During  this  time  it  is  warmed  by  the  steam  in  the  steam  i)ipe  which  practically 
surrounds  the  water  pipe.  The  exhaust  steam  after  passing  through  a  National 
oil  separator,  which  forms  a  part  of  the  heater,  escapes  from  the  steam  pipe 
through  the  port  at  the  bottom  and  in  passing  through  the  curtains  of  water 
heats  it  by  actual  contact  to  highest  possible  temperature. 

The  heated  water  collects  in  the  tray  beneath  the  pipes  and  by  means  of  a 
vertical  pipe  reaches  the  bottom  of  the  heater  where  the  scale-forming  substances 
are  precipitated.  The  water  then  passes  upward  through  the  filter  material  to 
the  hot  storage  chamber  from  which  the  pure  hot  water  flows  direct  to  the  pump . 

Upward  filtration  has  these  advantages:  the  filtering  material  needs  cleaning 
or  renewal  only  at  long  intervals  because  most  of  the  solids  separate  out  below 
it,  relieving  the  filter  bed  of  all  unnecessary  work;  in  case  the  perforated  i)lates 
supporting  the  filtering  material  should  break,  the  mat(M-ial  will  not  be  carried 
over  to  the  pump,  as  would  be  the  case  with  downward  filtration. 

A  quick-opening  blow-off  valve  at  the  bottom  of  the  heater  affords  oppor- 
tunity to  clean  the  filter  bed  by  reversing  the  flow. 
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Oil  Separators 


THE  NATIONAL  PIPE  BENDING  CO. 


THE   NATIONAL   OIL   SEPARATOR 


This  gruvity-type  oil  sepa- 
rator absolutely  removes  all 
grease  or  cylinder  oil  from  ex- 
haust steam  so  that  the  con- 
densation may  be  used  for  feed- 
ing boilers,  in  laundry  or  dye- 
house  service,  ice  making,  or  for 
similar  purposes.  It  has  a 
multi-ported  baffle  plate,  each 
l)ort  having  an  individual  baffle, 
a  distinctive  feature  found  only 
in  the  National  Separator.  The 
large  capacity  of  this  separator 
not  only  insures  effective  sepa- 
ration of  oil  from  exhaust  steam 
but  also  overcomes  the  pulsa- 
tions of  exhaust,  giving  an  even 
flow  of  steam. 


Patent  applied  for 


NATIONAL   CLOSED   FEED   WATER   HEATER 

For  use  when  the  feed  water  need  not  be  purified.  In 
the  National,  the  feed  water  is  heated  while  being  pumped 
through  a  coil  of  seamless-drawn  brass  or  copper  tubing 
surrounded  by  exhaust  steam.  The  water  is  absolutely 
free  from  even  a  trace  of  oil,  for  it  does  not  come  in  con- 
tact with  the  exhaust  steam.  The  brass  or  copper  has  no 
effect  on  the  water. 

The  enclosing  shell  is  of  cast-iron  or  steel  plate;  it  lasts 
indefinitely  because  the  feed  water  cannot  reach  it. 

The  economy  resulting  from  the  utilization  of  exhaust 
steam  varies  from  8  to  13  per  cent  of  the  coal  burned,  de- 
pending on  conditions — temperature  of  feed  water  and 
boiler  pressure;  but  other  advantages  are  reduction  of 
strains  caused  by  feeding  cold  water,  and  increase  in 
boiler  capacity. 

The  National  is  safe — the  coils  are  tested  to  600  pounds 
water  pressure,  and  the  shell  is  subjected  to  exhaust 
pressure  only. 

More  than  3,250,000  horse  power  of  these  heaters  have 
been  installed. 
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JFnter  Softeners  and  Purifiers 


FETTA  WATER  SOFTENER  CO. 

RICHMOND,    INDIANA 
THE  FETTA  SYSTEM  OF  WATER  SOFTENING 

FOR  POWER  PLANTS,  LAUNDRIES  AND  DOMESTIC  USE 


The    illustration 

will    give    a    general 

idea    of    our    large 

power    plant    water 

jnirifying    apparatus 

as  iiuilt  for  capacities 

from    five    thousand 

gallons    np.     The 

e(iuipment,  however, 

is    subject   to   slight 

modifications  to  meet 

sj^ecial  conditions  at 

each     individual 

])lant. 

This    is    our    hot 

])rocess  system,   and 

the  entire  equipment 

consists  of  founda- 
tion,  tanks,   interior 

e  q  u  i  p  m  e  n  t ,  econ- 
omizer,   automatic 

chemical     feed    and 

control,  housing  over 

top  and  steel  stair- 
way. 

There  is  a  means 

of     utilizing     waste 

steam  in  the  soften- 
ing process;  a  means 

of  distributing  this 
steam  into  the  water 
economically  and  a 
means  of  feeding 
either  the  crude  ma- 
terial or  stick  chem- 
ical prepared  by  us. 
The  location  of  filters 
and  pipe  work  should 
also  be  noted. 

By  this  arrange- 
ment we  produce  soft 
water  with  the  least 
possible  amount  of 
chemicals  and  deliver 

the  water  at  temperatures  as  high  as  180°  F. 
aviflunt  of  chemical,  and  fuel  consumed. 

The  supply  of  cold  water  is  intermittent,  thus  making  possible  a  proper  settling 
of  precipitated  impurities,  but  the  delivery  of  soft  wat<T  is  continuous.  This 
system  therefore  combines  the  advantages  of  the  "Intermittent"  and  "Continu- 
ous" systems. 

It  is  an  established  fact  that  scale  forming  salts  in  hard  water  are  more  readily 
acted  upon  by  chemicals,  and  thrown  down,  when  the  water  is  at  a  high  tempera- 
ture, than  when  treated  cold.  This  means  that  the  action  is  more  rapid  and 
complete,  and  that  the  treating  can  be  made  much  smaller  than  would  otherwise 
be  possible,  at  the  same  time  giving  better  results.  All  of  these  advantages  are 
secured  in  the  Fetta  System. 

Complete  information  regarding  the  Fetta  System  of  Water  Purification,  and 
Bulletins  describing  special  features  mailed  on  request. 
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The  Fetta  Economizer  System 


This  means  economy  in  size  of -plant, 


Boiler  and  Lubricating  Graphite 


THE  UNITED  STATES  GRAPHITE  CO. 

SAGINAW,  MICH.,  U.  S.  A. 

MINERS  OF  GRAPHITE  AND  MANUFACTURERS  OF  GRAPHITE 

PRODUCTS 


U.  S.  G.  CO.'S  MEXICAN  BOILER  GRAPHITE 

This  Graphite,  when  intro- 
duced in  the  boiler  feed,  works 
through  and  beneath  the  al- 
ready formed  scale  and  loosens 
it  so  that  it  either  sloughs  off 
or  may  be  easily  removed. 

Then  by  minghng  with  the 
scale  making  elements  present 
to  some  extent  in  all  feed 
waters,  the  graphite  keeps  the 
formation  soft  and  easily  re- 
movable; it  sometimes  en- 
tirely arrests  the  development 
of  scale. 

U  S  G  Co.'s  ]\Iexican  Boiler  Graphite  docs  this  work  by  mechanical  action. 
It  has  no  chemical  effect,  cannot  cause  foaming,  and  under  normal  conditions 
cannot  be  carried  out  with  the  steam. 

U  S  G  Go's  Mexican  Boiler  Graphite,  on  account  of  its  mechanical  action, 
is  effective  in  any  feed  water  regardless  of  its  character,  and  therefore  saves  the 
trouble  and  expense  of  frequent  analyses. 

Put  up  in  barrels  (about  400  pounds)  and  in  100  pound  drums. 

Those  interested  should  send  for  testimonials  and  for  Booklet  "L"  which  goes 
into  the  subject  thoroughly. 

U.  S.  G.  CO.'S  No.  205  LUBRICATING  GRAPHITE 

There  are  two  formations  of  graphite:  crystalline  or  "flake"  and  amorphous  or 
"powdered." 

Flake  graphite,  no  matter  how  finely  pulverized,  remains  always  in  the  form 
of  mica-like  flakes  and  is,  as  a  matter  of  fact,  incapable  of  really  fine  pulveriza- 
tion— which  makes  its  presence  in  high  grade  lubricants  undesirable. 

Amorphous  graphite,  on  the  other  hand,  is  susceptible  of  reduction  to  a  powder 
of  impalpable  and  gritlcss  fineness  and  is  of  a  nature  to  combine  intimately  and 
permanently  with  oils  and  greases. 

"NO.  205"  is  the  powdered  kind  of  graphite — air-floated,  absolutely  gritless 
and  accordingly  vastly  superior  to  the  coarser  grained  and  less  finely  pulverized 
"flake"  graphite.  It  cools  hot  bearings  while  the  machinery  is  running  and 
then  keeps  them  cool.  Saves  shut  downs,  time  and  trouble.  For  twenty  cents 
in  stamps  to  pay  postage  we  will  send  once  only,  a  one  pound  can  with  full 
directions. 
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Automatic   Coal  and  Water  JVeighcrs 


RICHARDSON  SCALE   COMPANY 

Head  Office  and  Works,  17  Colfax  Ave.,  PASSAIC,  N.  J. 

Ni  w  York:  14  Park  Row  Buildinp;  Chicago,  209  So.  State  Street 

BUILDERS  OF  AUTOMATIC  WEIGHING  MACHINERY 


GRAVITY  OPERATED  COAL  SCALE 


The  framework  is  of  cast  iron.  The  weigh  hopper  E,  made  of  or  hned  with 
sheet  monel  metal,  is  supported  on  the  cast  steel  beam  D,  and  counterbalanced 
by  the  cast  iron  weight  box  C,  which  is  loaded  with  standard  dead  weights  for 
the  required  quantity  of  coal  to  be  weighed.  The  feed  gate  F,  which  is  also  lined 
with  non-corrosive  metal,  is  opened  by  means  of  the  pendant  X,  which  is  actu- 
ated by  the  beam  D.  The  power  to  oj^erate  is  derived  from  the  weights  in  the 
box  C. 

When  the  exact  amount  has  entered  the  hopper  E,  the  gate  automatically 
closes,  and  is  locked  by  the  toggle  levers  H  and  J.  The  load  in  the  hopper  is 
emptied  by  the  unlocking  of  the  toggles  O  and  P.  The  return  of  the  beam  and 
the  shock  of  the  weights  supported  by  it  are  cushioned  by  means  of  the  counter- 
weight R  and  the  air  cushion  Z.    There  are  no  springs  in  this  scale. 

The  coal  is  fed  through  the  chute  A,  and  if  it  is  soft  coal  a  reciprocating  plate 
feeder  B  worked  by  an  eccentric  evenly  feeds  the  coal  through  the  gate  F  into 
the  hopper  E. 

The  machine  is  self -testing,  and  the  beam  balances  on  every  draft. 

THE  RICHARDSON  AUTOMATIC  WEIGHING  MACHINERY 

The  scale  described  above  is  built  in  sizes  having  the  following  hopper  capa- 
cities: 100,  200,  300,  500,  1000,  1500,  2000  and  3000  lbs.,  the  corresponding 
hourly  capacities  being:  4,  8,  15,  25,  50.  75,  100  and  150  tons. 

This  machine  is  largely  used  in  suitable  sizes,  for  weighing  coal  as  received  in 
power  stations  and  for  checking  coal  as  delivered  from  overhead  bunkers  either 
to  mechanical  stokers  or  to  the  boiler  room  floor. 

We  also  supply  THE  MERRICK  PATENT  WEIGHTOMETER  or  Con- 
veyor Scale,  and  an  Automatic  Water  Scale. 

We  have  been  buikling  these  scales  for  the  past  twenty-five  years,  and  many 
notable  installations  and  repeat  orders  testify  as  to  their  reliabiUty. 
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Automatic  JVeighing,  Packing  and  Sealing  Machinery 


AUTOMATIC   WEIGHING    MACHINE 
COMPANY 

Office  and  Factory 

134  COMMERCE  ST.,  NEWARK,  N.  J.,  U.  S.  A. 

Western  Office  :  439  Pierce  BIdg.,  St.  Louis,  Mo.,  U.  S.  A. 
Cable  Address  :  AWMCO 

AUTOMATIC    WEIGHING,    PACKING    AND   SEALING    MACHINERY 

ADAPTED  TO  THE  USE  OF  MANUFACTURERS  AND  PACKERS  OF  SUGAR,  COFFEE. 
SPICE.  SNUFF,  WASHING  POWDER,  BAKING  POW^DER.  STARCH,  SEEDS, 
CEREALS,  GRAINS,  FLOUR,  'WHEAT,  ROLLED  OATS,  SALT,  FERTILIZERS. 
COTTONSEED      MEAL,      LIMESTONE      AND      SHALE,     CLINKER     AND     GYPSUM. 


TO     ENGINEERS 


The  best  results  and  the  highest  efficiency  accomplish  theii-  ends  by  the  simi)lcst 
and  most  direct  means. 

All  of  our  machines  are  constructed  with  the  idea  of  long  life  and  efficiency,  and 
an  opportunity  to  describe  them  more  fully  than  the  space  here  allows  would  be 
appreciated. 

The  automatic  weighing  scale  is  now  a  recognized  necessity  in  manufacturing, 
whether  for  weighing  and  packing  goods  into  packages,  bags  or  boxes,  propor- 
tioning two  or  more  materials  in  a  mix  or  checking  bulk  goods  going  from  point 
to  point;  but  that  scale  to  be  valuable  must  be  capable  of  doing  its  work  daily, 
and  with  precision,  so  if  you  are  looking  for  those  machines  which  give  you  the 
highest  results,  all  other  conditions  being  taken  into  consideration,  we  will  have 
the  pleasure  of  a  more  direct  communication. 

TO    MANUFACTURERS 

Our  pride  is  to  fulfil  the  just  expectations  of  the  purchasers  of  our  machinery. 
We  believe  in  co-operation,  finding  such  a  relationship  between  ourselves  and  our 
cu.stomers  the  most  profitable. 

To  those  who  are  earnestly  desiring  to  cut  down  to  its  lowest  their  ultimate 
cost,  we  know  we  can  be  of  inestimable  service,  and  upon  examination  of  the 
various  circumstances  peculiar  to  any  given  case,  will  submit  such  propositions 
that  any  buyer  is  able  to  give  our  proposals  careful  and  intelhgent  consideration, 
and  form  a  comprehensive  view  of  what  we  will  undertake  to  do. 

At  infrequent  intervals  where  we  have  found  that  for  some  reason,  clearly  in- 
dicated by  us  to  our  inquirers,  we  were  persuaded  the  conditions  would  not  make 
the  use  of  our  machinery  truly  profitable  to  the  manufacturers  and  therefore  to 
us,  we  do  not  fail  to  say  so,  rather  than  merit  the  displeasure  of  our  customers  by 
putting  them  to  needless  trouble  and  probable  expense. 

We,  of  course,  put  before  anything  else  the  fulfiUing  of  all  guarantees  which 
are  clearly  stated  in  our  proposals,  and  strive  to  do  even  a  httle  better,  so  that 
when  a  balance  is  struck  between  us  there  remains  something  to  our  credit  in  the 
good  opinion  of  our  customers. 
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Meters  and  Controllers 


SIMPLEX 


VALVE    AND    METER 
COMPANY 

PHILADELPHIA,  PA. 


WATER  METERS  OF  VENTURI  AND  PITOT  TUBE  TYPE,  RATE  OF 
FLOW  CONTROLLERS,  LOSS  OF  HEAD,  RATE  OF  FLOW  AND  WATER 
LEVEL  GAUGES,  ALTITUDE  VALVES  FOR  RESERVOIRS  AND  RAIL- 
ROAD WATER  TANKS,  AUTOMATIC  AIR  AND  VACUUM  VALVES, 
CHEMICAL  FEED  DEVICES  AND  OTHER  HYDRAULIC  APPARATUS 
OF  SPECIAL  DESIGN. 


The  Simplex  type  "G"  register  is  adapted  for  use  with  Venturi  tubes  and  with 
pitot  tubes.  For  this  latter  purjiose  it  is  furnished  in  both  stationary  and  port- 
aiile  form.    The  illustration  shows  the  portable  type. 

This  recorder  is  particularly  useful  in  making  leakage  surveys  in  a  water  works 
system,  or  testing  the  flow  through  any  size  pipe.  The  charts  are  graduated  in 
velocity  in  feet  per  second.  The  tap  and  pipe  connections  are  one  inch  in  diam- 
eter. The  instrument  will  record  all  flows  from  half  a  foot  per  second  up  to  ten 
feet  per  second,  or  any  desired  maximum. 

In  the  stationary  form  the  instrument  is  well  suited  for  use  as  a  pumping  sta- 
tion meter,  where  it  is  impossible  to  install  a  Ventm-i  tube. 


Steam   Specialties 


C.  A.  DUNHAM  COMPANY 

MARSHALLTOWN,  IOWA 

New  York:  No.  1  Madison  Ave.  Chicago:  343  S.  Dearborn  St. 

San  Francisco:  G02  Monadnock  Bldo. 

Canadian  Factory  and  Office  :  Toronto,  Ontario 

MANUFACTURERS  OF  THE  DUNHAM  RADIATOR  TRAP,  THE  DUNHAM  BLAST  TRAP, 
THE  DUNHAM  AIR  VALVE  AND  THE  DUNHAM  VACUUM  AND  VACUO  VAPOR 
SYSTEMS  OF  HEATING.  

THE  DUNHAM 
RADIATOR  TRAP 

for  use  ill  fonneetion  with 
the  Dunham  Vacuum  and 
Dunham  Vacuo  V  a  p  o  r 
Sy.stems  of  Steam  Heatino;. 
It  will  positively  allow  for 
the  complete  discharge  of 
water  and  air  from  the 
radiator  to  which  it  is 
attached  without  loss  of 
steam.  Constructed  of 
phosphor  bronze. 


It  lasts  and  while 
lasting  works" 


The  Dunham  Radiator  Trap 


Made  in  four  patterns — Right  hand,  left  hand,  straight  way  and  angle. 
Size  connections — J  inch  pipe.  Capacity — 350  sq.  ft.  direct  radiation. 

Maximum  steam  pressure — 10  lbs.     Wt.  2\  lbs. 

THE  DUNHAM 
BLAST  TRAP 

!'(ir  u.-^o  in  draining  blast  coils 
in  vacuum  or  other  steam 
heating  systems.  Also  for  use 
on  large  direct  radiating  units 
where  the  Dunham  Radiator 
Trap  is  too  small.  Positively 
opens  for  water  and  air  and 
closes  for  steam.  Body  made 
of  cast  iron. 

Care  must  be  taken  in 
reducing  blast  surface  to 
equivalent  direct  by  multi- 
plying by  a  factor  ranging 
from  3  to  9,  depending  upon 
the  temperature,  velocity 
and  volume  of  air  being 
forced  over  the  coils. 

THE  DUNHAM  AIR  VALVE 

This  valve  is  made  for  use  in  revamping  both  old  and  new  air-line  jobs.  It 
is  built  upon  the  same  principle  as  the  Dunham  Radiator  Trap.  Is  made  of  cast 
bronze,  nickel  plated  all  over  and  has  union  nut  and  nipple.  Made  for  \  inch 
pipe  connection.  Architects  and  engineers  can  specify  this  valve  with  the  posi- 
tive assurance  that  it  will  give  service  without  necessitating  the  attention  that  is 
required  to  keep  so  many  other  air  line  valves  in  working  order. 

DUNHAM  VACUO  VAPOR  SYSTEM 

IS  simply  a  low-pressure  system  of  heating  that  works  wyion  pressure,  vapor,  and 
vacuum,  without  necessitating  the  use  of  a  vacuum  pump.  It  is  particularly 
api)licable  to  residence,  apartment  house,  and  church  heating  where  low  pres- 
sure (below  2  lbs.)  boilers  are  used. 

Complete  information,  catalog  and  prices  will  he  sent  on  application. 

The  Dunham  System  is  installed  in  such  buildings  as  the  Woolworth  Bldg.; 
N.  Y.;  80  Maiden  Lane  Bldg.,  N.  Y.;  Insurance  E.xchange  Bldg.,  Chicago; 
Sherman  Hotel,  Chicago,  and  hundreds  of  other  buildings  all  over  the  country. 

71 


The  Dunham  Blast  Trap 

Size 

Capacity                    |   Connection  |    Wt. 

H" 
1" 

1500  sq.  ft.  direct  radiation       %"  pipe      1  13  lbs 
3000      "          "            "                   1"  pipe      121    " 

EUminators 


W.   II.   NICHOLSON  k  CO. 

WILKES-BARRE,  PA. 

MANUFACTURERS    OF    THE     WYOMING     ELIMINATOR    AND    THE 
WYOMING   STEAM    TRAP. 


Horizontal  Type 


THE  WYOMING  AUTOMATIC  ELIMINATOR 

This  is  a  combination  steam  separator  and  trap, 
for  eliminating  water,  moisture  and  impm-ities 
from  live  steam.  The  separator  portion  of  the 
HORIZONTAL  TYPE  has  an  arrangement  of 
four  corrugated  baffle  plates  that  has  been  pat- 
ented by  us.  These  plates  are  so  placed  that  the 
steam  in  passing  through  is  obliged  to  make  a 
double  "S"  turn. 

The  trap  is  not  what  is  commonly  known  as  the 
float  operated  type.  The  float  is  instrumental 
only  in  releasing  the  latch  when  the  water  has 
reached  a  predetermined  level.  The  ball  weight 
released  by  the  latch  causes  live  steam  to  be  ad- 
mitted behind  the  piston.  The  full  steam  pres- 
sure behind  this  piston  moves  it  forward  and 
opens  the  discharge  valve  instantly.  The  water 
passes  out  and  permits  the  float  to  fall  to  its 
lowest  position.  The  weight  of  the  downward 
moving  float  raises  the  ball  weight  to  its  sus- 
pended position  where  it  is  hold  by  its  latch  in 
readiness  for  tlie  next  discharge. 


From  the  illustration  of  the  VERTICAL 
TYPE  it  will  be  noticed  that  the  steam,  after  en- 
tering the  separator,  impinges  against  the  centre 
perforated  baffle,  causing  the  water,  moisture  and 
impurities,  with  the  aid  of  gravity,  to  drop  to  the 
trap  section  below.  The  sudden  reversal  of  direc- 
tion of  steam  cui'rent,  causes  all  moisture  to  be 
thrown  out  that  does  not  come  directly  in  contact 
with  the  perforated  plate. 

The  trap  portion  is  practically  the  same  in  both 
types.  The  entire  machine  is  compact  and,  in 
fact,  takes  up  no  more  room  than  the  ordinary 
separator. 

The  Wyoming  is  guaranteed  to  supply  steam 
that  is  99.5%  dry,  and  up  to  as  near  perfect 
separation  as  is  possible  with  a  separator ,  without 
causing  back  pressure. 

We  are  prepared  to  ship  promptly  such  sizes 
of  either  the  horizontal  or  vertical  type  as  are 
suitable  for  the  following  diameters  of  steam  pipe: 
2^",  3",  31^",  4",  4K",  5",  6",  7",  8",  9",  10",  12", 
14"  and  IG". 


Vertical  Type 


Steam  Traps 


W.   H.   NICHOLSON   &  CO. 


THE  WYOMING  PISTON  OPERATED  TRAP 


This  trap  is  what  might  be  termed  an  Auto- 
matic Piston  Operated  Valve.  The  valve  gear 
is  identical  with  that  used  in  connection  with 
the  trap  of  the  Eliminator,  incorporating  all 
of  the  essential  features  necessary  in  producing 
the  highest  efficiency  in  a  steam  trap.  The 
non-wire-drawing,  water-sealed,  ])iston  oper- 
ated discharge  valve  is  an  approach  to  perfec- 
tion  in  this  line.  It  means  a  long  life  for  the 
valve  and  seat,  as  it  has  a  quick  discharge,  not 
a  long  drawn  out,  valve  cutting,  continuous 
flow  discharge,  squeezing  through  a  ]^"  hole 
at  100  lbs.  pressure. 


SIZES  AND  PRICES 


Code  Word 

Jot 

.To>- 

2 

4  "-.5" 

Jolt  . 

Jove 

Jog 

1 

3 

4 

5 

Capacity    for    draining    all    Con- 
densation from  Steam  Pipe.... 

l"to  3" 

6  "-7" 

S"-9"-10" 

12"-14"-16" 

Size  of  Inlet  Pipe 

13i" 

2" 

21^" 

3K." 

4H" 

1" 

1 1'i " 

2" 

3" 

4" 

Size  of  Discharge  .Valve  Opening. 

1" 

V-i" 

2" 

3" 

4" 

Maximum  discharge  in  gallons  per 
liour  at  100  lbs.  pressure 

2-100 

4200 

G500 

11520 

21000 

Approximate  Shipjiing  Weight 

i:i2  lbs. 

260  lbs. 
$100.00 

325  lbs. 

.540  lbs. 

575  lbs. 

.180.00 

$116.00 

.S144.00 

$180.00 

Thii-c   Traps   WiU  Operate  from   150  lbs.   Down  to  5  lbs.   Preasur: 

THE  WYOMING  WEIGHT  OPERATED  TRAP 


The  float  is  only  instrumental  in  releasing 
the  valve  weight,  which  in  dropping,  lifts  the 
discharge  valve.  No  dependence  whatever  is 
placed  upon  the  buoyancy  or  weight  of  the 
float  to  lift  the  discharge  valve.  The  valve 
weight  consists  of  a  levered  cast-iron  ball,  the 
weight  of  which  governs  the  capacity  or  size 
of  hole  through  the  discharge  valve  seat.  It 
is  therefore  obvious  that  by  simply  increasing 
the  weight  of  the  ball  weight  a  discharge  valve 
of  almost  any  size  can  be  operated.  This  is  the 
reason  why  the  capacities  of  the  Wyoming  are 
from  50  to  100%  larger  than  others. 


Size  Number 

No.   1 

No.  2 

No.  3 

No.  4 

No.  5 

No.  6 

Size  of  Inlet  Pipe  connections...  . 

Vi" 

H" 

1" 

1J4" 

I'A" 

2" 

Will  drain  lineal  feet  of   1"  pipe... 

3500 

5.500 

9500 

14.500 

25000 

35000 

Intended  for  square  feet  of  radia- 
tion surface 

1.500 

2000 

3200 

5500 

12000 

.'>4000 

Maximum  discharge  in  gallons  per 
hour  at  5  lbs.  pressure 

350 

400 

780 

1.560 

2000 

31C0 

Maximum  discharge  in  gallons  per 
hour  at   100  lbs.  pressure.  .  .  . 

275 

310 

415 

580 

750 

1200 

Height 

Dimensions    Width 

Length 

14" 

9" 

1014" 

14" 
9" 

18" 

14i'2" 

10" 

17" 

14  H" 
10" 
20" 

18?4" 

11" 

1914" 

18% " 

11" 

22  Ji" 

122 

1.30 

140 

150 

240 

275 

List  Price 

$20.50 

822.50 

$28.00 

$35.00 

$50.00 

$70.00 

FOR  ALL  PRESSURES  FROM  0  TO  150  POUNDS 
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Trap} 


NASON    MANUFACTURING   COMPANY 

MANUFACTURERS    OF    STEAM,    HYDRAULIC,    GAS,    REFRIGERATING 
AND  SANITARY  ENGINEERING  SUPPLIES. 


71  FULTON  STREET, 
NEW  YORK 


32  DAVIS  STREET, 
LONG  ISLAND  CITY 


THE  NASON-VESUVIUS  STEAM  TRAP 

Fig.  1  shows  the  interior  view  of  the  Nason-Vesuvius  Trap.     A  novel  point, 

worthy  'of  note,  is  the  regrinding  ball  valve,  which  has  a  positive  intermittent 

(liscliarge  and  to  which  is  imparted  a  positive  rotating  motion.     This  feature 

ehniinates  the  usual  trap  troubles  due  to  scoring  of  the  valve  surfaces,  for  the 

valve  is  either  wide  open  or  shut  tightly.  Fur- 
thermore, a  slight  rotative  motion  is  given  the 
ball,  making  a  new  seating  surface  at  each  dis- 
charge— thus  uniformly  distributing  the  wear. 

Because  of  the  large  discharge  orifice,  the  trap 
is  freed  from  the  collected  condensation  in  mini- 
mum time,  with  a  subsequent  reduction  of  scoring 
effect  on  valve. 

To  substantiate  these  claims,  we  call  attention 
to  the  fact  that  oiu'  i-epair  sales  have  amounted  to 
ai:)proximately  $15.00  during  the  past  five  years, 
and  in  view  of  the  hirge  number  of  traps  in  opera- 
p.,„    J  tion,  this  amount  indicates  that  the  cost  of  main- 

tenance is  a  negHgible  quantity. 

"CT>ASS  L,"  1  TO  50  LBS.     "CLA8S  M,"  .50  tO  l.'iO  LBS 
"CLASS  H,"   L-)0  TO  2.-,0  LBS. 

No .0  1  2  3 

Pipe  connection ^"  1"  ILi"  I'o" 

Square  feet  surface 1600  2400  3100  4300 

Discliarge  lbs.  water  per 

hour 5G0  830  lOSO  1520 

List,  each S2S.00  $35.00  $42.00  $50.00 ^ , 

Fig.  2 
"NASON"   STEAM  TRAPS 
Fig.  2  illustrates  the  cross-section  of  the  Nason  Steam  Traps  in  the  "Class 'B," 
'Class  C"  and  "Sidelug"  types,  and  is  an  actual  section  of  the  "Class  B"  and 
'Class  C"  group. 

In  the  "Sidelug,"  as  will  be  noted  in  Fig.  .3,  the 
body  construction  differs,  in  that  extension  lugs  are 
cast  over  the  inlet  and  outlet  ports,  so  reinforcing 
the  flange  joints  at  these  points  that  leakage  is  ren- 
dered impossible  through  the  blowing  out  of  the 
gasket. 

The  "Sidelug"  castings  are  also  made  extra  heavy 
for  working  pressures  to  150  lbs. 

The  fiuiction  of  all  these  traps  is  to  automatically 
discharge  the  condensation  from  heating  surfaces  of 
every  descrijjtion,  without  loss  of  pressure  or  waste 
Fig.  3  of  steam. 

"CLASS  B,"  1  TO  20  LBS.    "CLASS  C,"  20  TO  70  LBS.     "SIDELUG,"  40  TO  1.50  LBS. 

No 1  2  3  4  5 

Pipe  connection J^"  M"  1"  l^"  IH" 

Square  feet  surface 500  1150  1750  2550  4000 

Discharge  lbs.  water  per  minute. ...  4J^  6M  10  I5J2  23 

List,  each,  Class  B,  Cla.ss  C $10.00  $20.00  $27.50  $42.50  $70.00 

List,  each,  Sidelug 1(3,85  21.30  29.25  45.50  74,75 

Special  Catalogues  on  request.     All  lists  subject  to  discounts. 


Balanced  Valves 


AMERICAN  BALANCE   VALVE  CO. 

JERSEY  SHORE,  PENNA. 

BALANCED   VALVE  SPECIALISTS 

Since  1890 

DISTRIBUTION  VALVES 


SEMI-PLUG  Piston  Valves  for  Superheated  Steam  of  any  degree  or  Saturated 
Steam  of  any  Pressure  up  to  1000  Pounds. 

These  Valves  are  Frictionless,  are  Steam-tight  and  REMAIN  SO.  They  are 
Maintained  by  DUPLICATE  parts  from  STOCK.  When  under  Pressure  this 
Valve  is  a  PLUG  and  when  without  Pressure  it  is  a  Snap  Ring  Valve. 

Can  be  fitted  to  any  Piston  Valve  Engine. 


The  Jack  Wilson  High  Pressure  Double-Ported  Slide  Valve  for  Pressures  uj)  (o 
240  lbs.  and  superheat  to  600°  F. 

BALANCED  in  all  positions  of  travel.  Double  Admission,  Double  Exhaust 
and  made  for  Internal  or  External  Admission. 

Can  be  fitted  to  any  Slide  Valve  Engine. 

When  Designing  or  Repairing  Engines,  you  should  investigate  these  Modern 
Balanced  Valves. 


Governors 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONNECTICUT 
GOVERNORS  FOR  STEAM  ENGINES,  GAS  ENGINES,  STEAM  TURBINES, 
MECHANICAL  CONTROL  AND  POWER  REGULATION. 


Owing  to  the  absence  of  joints  our  Governors  are  very  responsive  to  slight 
changes  in  load, moving  quickly  and  positively  into  correct  position  for  main- 
taining the  admission  of  steam  proportionate  to  the  duty  required  of  the 
engine.  Absence  of  joints  gives  maintenance  in  efficiency  under  continued 
and  severe  duty. 

Speed  Rangers  are  incorporated,  permitting  wide  range  in  adjustment  of 
Engine  speed  while  running. 


Class  A 


Class  B  Vertical 


Gov.  with  Stop  Valve 


Detail  of  Speed  Ranger 


Class  A  Governors  are  equipped  with  safety 
stop  which  shuts  off  steam  from  the  engine 
if  governor  drive  belt  should  break.  Class 
B  are  not  equipped  with  safety  stop.  Hori- 
zontal B  is  never  provided  with  safety  stop. 
Governor  with  stop  valve  does  away  with 
joint  between  governor  and  valve. 


Class  B  Horizontal 


TABLE  OF  DIMENSIONS,  ETC.,  FOR  CLASSES  A  AND  B 


Diameter  of  Opening 
Size  of  Governor 


From  center  of  Inlet  to  base.  . 

Extreme  Height 

Extreme  expansion  of  Balls. 

Speed  of    Governor 

Dla.  of  Pulley  on  Gov 

Dla.  of  C vl.  300  ft.  Piston  Sp . 
"    "    "     400  "      " 
"    "    "     500  "      " 
"    "    "     600  "      " 


3i 
20  T^, 

7 
350 

2J 

6 

5 

4i 

4 


3j|4i 
23  j7  25^ 


li 


380 

7 


380 
3i 


2\ 


4i 
27} 

9 
300 

4 
W 


2| 


3i 


5^1  5J  6i 
27i|32A33H 
'  10  10 
340340 


7t^  T-h 
41A41  " 


46M9J 
15  1  16J 

275  275 


9  I  10 
491531 
16||  18 
275  260 
7  7 
31  36 
27  31 
24  28 
22     25 


Hi 
55J 
20 
260 
8 
40 
35 
31 
28 


10 


llj 
60i 
20 
225 
8 
45 
39 
35 
32 


For  complete  table  and  for  sizes  below  Ij—see  our  general  catalogue. 
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Steam  Specialties 


FOSTER  ENGINEERING  CO. 

NEWARK,  N.  J. 
MANUFACTURING  ENGINEERS  OF  AUTOMATIC  VALVE  SPECIALTIES 

Branch  Offices:     CHICACIO    PHILADELPHIA     BOSTON    PITTSBURGH 


PRESSURE  REGULATOR— CLASS  "W" 

For  Maintaining  a  Constant  Uniform  Delivery  Pressure 
from  a  Higher  Initial  Regardless  of  Variations  in  the 
Boiler  Pressure  or  Source  of  Supply.  For  Service  on 
Steam,  Water,  Gas  and  Air. 

Its  "compensating  spring  and  toggle  lever 
arrangement"  makes  it  plienomenally  sensi- 
tive, accurate  and  reliable.  Has  no  weights, 
levers,  or  close-fitting  piston  or  parts  to 
cause  friction.  Very  simple  in  construction 
and  adjustment.  Made  in  sizes  Jo-inch  to 
1-inch  of  composition;  larger  sizes,  iron  body, 
composition  mounted.  Sizes  2  J^-inch  and  up 
are  fitted  with  renewable  seats,  forged  steel  stem 
and  levers — insuring  durability  and  minimum 
repairs.  Thousands  are  in  use  today  in  all  civ- 
ilized countries  and  is  the  "standard"  of  many 
large  power  and  manufacturing  plants. 
LEADING  FEATURES: 

6.  Small  movement  of  diaphrao-m — insuring 
long  life. 

7.  No  friction  of  parts — note  illustration. 
No  small  ports  to  clog. 
No  dash  pot. 
Noiseless — no  chatter. 
Absolutely  automatic  after  adjustment  as 

to  pressure. 
Every   regulator   carefully  tested  at  pres- 
sure ordered  before  leaving  factory. 

ORDERS  FOR  PRESSURE  REGULATING  VALVES  SHOULD  SPECIFY: 

Initial  or  boiler  pmssuro.  _  7.     Size  of  valve  preferred  and  if  wo  will  be  per- 


Full  compensating  spring  movement,  exert- 
ing an  unvarying  pressure  on  the  dia- 
phragm. 

Renewable  seat  rings. 

Drop  forge  stem,  levers,  toggle  levers  (case 
hardened)  insuring  durahilUy. 

Great  simplicity  of  construction  and  opera- 
tion. 

Full  steam  way  through  the  valve. 


9. 
10. 
11. 

12. 


Maximum  and  minimum  delivery  pressure. 
Connections — screwed     or     lianged     ends, 

giving  diameter. 
Sizes  of  both  pipes  leading  to  and  from 

regulator. 
Device  or  system  to  which  it  is  to  be  applied. 
For  high  or  low  pressure  service. 


mitted  to  send  a  smaller  size  if  we  deem  a 
smaller  valve  will  give  better  results.  By 
following  our  suggestions  we  often  save 
considerable  money  for  our  users. 
Any  additional  mformation  towards  an 
intelligeiit  understanding  of  your  require- 
ments will  insure  your  receiving  a  valve 
best  suited  to  meet  conditions. 


FOSTER  CLASS  "G"  PRESSURE  REGULATING  VALVE 

FOR  INTERMITTENT  SERVICE 

A  decided  innovation,  so  extremely  sensitive  and  withal 
so  rehable  that  delivery  pressure  may  be  adjusted  from 
zero  to  within  a  fraction  of  the  initial  pressure,  and  at 
point  of  adjustment  the  delivery  will  remain  constant, 
regardless  of  variation  in  initial  pressure  or  volume  of 
discharge. 

Will  operate  equally  well  on  horizontal  or  vertical 
pipe;  upright,  inverted  or  inclined  at  any  angle. 

Although  of  wide  range  of  operation,  no  part  of  this 
valve  is  of  delicate  construction  or  easily  deranged. 

Orders  should  state  initial  and  delivery  pressures, 
connections,  service  and  approximate  volume  of  dis- 
charge.    (See  above.) 

Made  in  all  sizes,  J^^-inch  to  12-inch.  Sizes  2-inch 
and  smaller  of  composition  only.  Larger  sizes,  iron 
body,  composition  trimmed.  Screwed  and  flanged  con- 
nections. Also  make  larger  sizes  in  composition  on 
order  only. 

Prices  on  application. 


Mcial  Hose 

THE  AMERICAN  METAL  HOSE  CO. 

WATERBURY,  CONN. 

FLEXIBLE  METAL  HOSE  AND  TUBING  FOR  STEAM, 
OIL,  AIR,  GAS,  WATER,  ETC. 


25-foot  length    1-inch  BD20  Bronze  Steam  Hose,  with  packed  couplings,  re-enforced 
ends,  and  one  end  asbestos  and  canvas  covered. 

AMERICAN  FLEXIBLE  METAL  HOSE  is  particularly  adapted  to  convey- 
ing Oil  and  Steam,  both  of  which  quickly  attack  and  destroy  Rubber  Hose.  Our 
Hose  is  as  strong  in  construction  as  is  consistent  with  flexibility,  will  stand  high 
pressures,  and  for  conveying  either  of  the  above  agents  is  most  practical  and 
economical.  For  both  of  the  above  purposes  an  Interlocked  Hose  is  supplied, 
which  is  made  from  a  continuous  metal  ribbon  or  strip  wound  spirally  over  itself, 
the  edges  being  crimped  or  turned  in  during  the  winding  to  form  the  Interlocked 
Joint  shown  in  illustration;  a  specially  prepared  asb(>stos  cord  fed  into  a  separate 
groove  in  the  strip  dm-ing  the  winding  acting  as  a  packing  and  making  the  Hose 
tight. 

For  STEAM,  our  Standard  is  the  Bare  Interlocked  Pattern,  BD15  BRONZE 
HOSE  with  I.  P.  T.  Brass  Couplings  attached.  These  Couplings  are  threaded 
internally  to  screw  onto  the  spiral  groove  on  the  outside  of  the  Hose  and  are 
packed  on  with  a  stuffing  box  of  asbestos  and  red  lead, 
making  a  tight  connection.  Each  coupling  is  provided  with 
a  Flexible  Metal  re-enforced  end  which  is  fastened  under 
a  shoulder  prepared  for  it  on  the  Coupling  and  extends  a 
short  distance  from  the  Coupling  over  the  end  of  the 
Hose,  giving  a  double  thickness  of  metal  at  the  point 
where  there  is  the  greatest  strain. 

FLEXIBLE  STEEL  HOSE,  Style  BD15  is  admirably 
adapted  to  conveying  Oils,  its  life  being  actually  pro- 
longed by  contact  with  them.  The  smaller  sizes  are  used 
in  numberless  connections,  the  principal  one  being  for  Oil 
Feed  purposes  on  machinery.  The  larger  sizes  are  used 
extensively  in  unloading  and  barrel  filling  work.  Coup- 
lings for  Oil  Hose  are  generally  sweat  on. 

While  the  Bare  Interlocked  Hose,  Style  BD15,  is  suit- 
able for  ordinary  work  and  pressures,  there  are  instances,  interlocking  Construc- 
when  the  Hose  is  subjected  to  constant  handling,  where  a      tion  B.  D.  is  Hose 
stronger  type  is  required.    To  meet  this  demand  we  supply 

our  BD2d  Hose,  which  is  covered  with  a  braiding  of  fine  BRONZE  or  STEEL 
Wire  and  a  Spiral  Armor  Wire.  This  covering  does  not  affect  the  flexibility  of  the 
Hose,  but  is  most  efficient  as  a  protection  where  hard  usage  is  unavoidable,  and 
by  reason  of  its  greater  strength  makes  the  Hose  suitable  for  higher  pressures. 

SIZES 

We  carry  BD15  and  BD20  HOSE  in  stock,  both  in  STEEL  and  BRONZE  in  the 
following  sizes:  ^",}i",  A",  N",  J^",  H",  1",  IM",  IK",  2",  2^",  and  3"  internal 
diameter.     Larger  sizes  furnished  on  order. 

Full  information  on  our  FLEXIBLE  METAL  AIR  and  WATER  HOSE  and 
GAS  TUBING,  or  on  Special  Hose  for  extreme  pressures,  furnished  on  application. 
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E.  B.  BADGER  &  SONS  CO 

63-7.-)  PITTS  ST. 

BOSTON,  MASS. 


BADGER   SELF-EQUALIZING   EXPANSION   JOINT 

The  Badger  Self-equalizing  Expansion  Joint  meets  the  conditions  found  in 
present-day  power  plantt^  and  central  steam  heating  plants.  It  is  very  simple, 
costs  little,  never  leaks,  requires  no  packing,  and  in  size  does  not  exceed  the 
iliameter  of  standard  pipe  flanges.  It  is  made  of  one  piece  of  copper,  corrugated 
and  fastened  to  flanges  at  each  end. 

DISTRIBUTING  RINGS 

The  essential  features  of  this  joint  are  the  many  corrugation.s  and  the  equal- 
izing rings  which  allow  each  corrugation  to  take  only  its  share  of  expansion 
instead  of  one  or  two  corrugations  absorbing  all  the  strain;  also  these  rings  add 
str(>ngth  to  the  copper  in  the  same  way  that  spiral  winding  of  pipe  with  wire 
acids  to  its  strength.  The  equalizing  rings  are  what  insures  the  success  of  the 
Badger  joint  by  so  distributing  the  expansion  that  each  ring  changes  shape  but 
little,  a  condition  which  insures  durability. 


'!S3si3aJ 


SIZES 
The  number  of  corrugations  depends  upon  the  operating  conditions  and  the 
length  of  the  joint,  which  usually  varies  from  12  to  30  inches.  They  are  made 
for  all  standard  sizes  of  pipe  and  the  flanges  are  drilled  to  A.  S.  M.  E.  standards 
both  for  high  pressure  and  extra  heavy  pressure.  Every  care  is  taken  to  make 
a  most  perfect  joint  from  the  fit  of  the  rings  and  true  and  even  corrugations  to 
spot  facing  the  bolt  holes  on  the  back  of  the  flanges. 

LOW  PRESSURE  EXPANSION   JOINTS 

The  Badger  Self-equalizing  Expansion  Joint  for  exhaust  pipe  or  low-pressure 
steam  lines  has  larger  corrugations  because  the  range  in  temperature  is  less  than 
in  the  ca-e  of  high-pressure  steam.  This  form  also  has  the  equalizing  rings  which 
by  preventing  change  of  shape,  make  it  abundantly  strong  to  eliminate  all  danger 
of  collapse  which  maj'  be  caused  by  a  vacuum. 

SPECIAL  FORMS 

Special  forms  of  low-pressure  expansion  joints  are  made  to  suit  various  condi- 
tions. In  most  cases  they  have  external  rings,  but  when  the  amount  of  expansion 
is  very  slight  or 'if  the  joint  is  primarily  to  take  up  vibration,  it  may  not  need 
external  rings.  These  special  joints  may  be  made  in  any  form — circular,  oval, 
or  rectangular,  and  have  been  made  up  to  six  feet  in  diameter. 

In  addition  to  Badger  Expansion  Joints  of  corrugated  copper  we  have  facilities 
for  making  all  kinds  and  can  furnish  whatever  the  architect  or  engineer  may 
specify  including  bends,  S-shapes  in  copper,  filling  pieces,  etc. 
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THE  CHAPMAN  VALVE  MFG.  CO. 

INDIAN  ORCHARD,  MASS. 

STEEL   PARALLEL  SEAT.    DOUBLE    GATE    VALVE    FOR  SUPERHEATED  STEAM 
STEEL  BODIES  AND  BONNETS.  MONEL  METAL  GATES  AND  SEATS 


STRAIGHTWAY  TYPE 


Fig.  312  is  a  cut  of 
the  internal  working 
parts,  showing  the  car- 
rier block  extended  to 
carry  an  opening  the 
full  size  of  the  pipe 
line,  so  that  when  the 
valve  is  fully  open  the 
seats  are  covered  and 
the  pipe  line  is  made 
continuous,  the  carrier 
extension  effectually 
filling  up  the  aperture 
around  the  seats. 

The  valve  when  open 
is  the  same  as  if  it  were 
a  continuation  of  the 
]Mpe  line,  with  neither 
contractions  or  apei- 
tures  of  any  kind  to 
deflect  or  break  up  the 
flow  of  the  steam.  This 
construction  not  only 
prevents  the  loss  of 
head  due  to  eddying, 
but  it  also  protects  the 
seats  from  injury. 


Diameter  of  Port  or  Size=A 
Face  to  Face  Flanges=B 
Diameter  of  Flanges=C 


Fig    311 
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Valves 

THE  DARLING  PUMP  &  MFG.  CO.  Ltd. 

WILLIAMSPORT,  PA. 


Sales  Offices: 
New  York  City,  149  Broadway  Chicago,  The  Ilookery  Pliiladelphia,  Arcade  Building 


DARLING  GATE  VALVES,  FIRE  HYDRANTS  INDICATOR  POSTS,  FLOOR 
STANDS,  VALVE.  BOXES,  BALL  CHECK  VALVES,  MADE  FOR  ALL  PRESS- 
URES AND  PURPOSES 


Wedging  Mechanism — Shown  with 
Parts  Separated 


The  Gate  Discs  being  plain,  no 
portion  of  the  Wedging  Mechani.sm 
is  formed  upon  them.  These  Gate 
Discs  revolve  independently  of  the 
wedges,  and  independently  of  each 
other.  The  Revolving  Gate  Discs 
change  their  positions  on  the  Seats 
each  time  the  Valve  is  closed,  thus 
distributing  wear  equally  over  entire 
Faces  of  Gates  and  Seats,  ensuring 
Durability. 

Gates  Released  Before  Opening, 
Avoiding  Wear  on  Seats. 

Cannot  Stick  or  Bind. 

Simple,  Reliable,  Durable. 


The  Darling  Patented  Gate  Valve  has 
Parallel  Seats,  Double  Revolving  Gate 
Discs  and  Compound  Equalizing  Wedges. 
The  Wedging  Mechanism  operates 
Between  the  Gate  Discs  and  Independent 
of  them. 


Sectional  View  of  Inside  Screw  Valve 
with  Flanged  Ends 
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HOMESTEAD  VALVE  MANUF'G  CO. 

PITTSBURGH,  PA. 

THE    HOMESTEAD   SELF-LOCKING     STRAIGHTWAY,    THREE-WAY    AND     FOUR-WAY 
HIGH   PRESSURE  BALANCED   PLUG  VALVES.       THE   HOMESTEAD   LOCKING    COCK. 


THE  HOMESTEAD  SELF-LOCKING  STRAIGHTWAY  VALVE 

This  valve  is  unlike  all  others  for  the  reason  that  when  the  pressure  passes  through 
it  the  seat  is  ABSOLUTELY  PROTECTED  FROM  WEAR.  The  plug  is 
balanced  and  held  in  place  by  the  pressure  when  open,  and  when  closed  it  is 
locked  in  the  seat  by  our  patent  wedging  cam,  insuring  freedom  from  friction  in 
seat  while  plug  is  turning,  which  makes  ours  the  quickest  acting,  simplest  made, 
easiest  operated  and  most,  durable  valve  known.  Globe  and  Gate  Valves,  on  the 
other  hand,  have  their  vital  parts  (Seats)  EXPOSED  to  pressure  and  destruction 
every  moment  they  are  open. 

CONSTRUCTION 

This  valve  is  so  constructed  that  when  it  is  closed  it  is  at  the  same  time  forced 
firmly  to  its  seat.  This  result  is  secured  by  means  of  the  traveling  cam  "A" 
through  which  the  stem  passes.  The  cam  is  prevented  from  turning  with  the 
stem  by  means  of  the  lugs  "B"  which  move  vertically  in  slots.  Supposing  the 
valve  to  be  open,  the  cam  will  be  in  the  lower  part  of  the  chamber  in  which  it 
is  placed,  and  the  plug  will  be  free  to  be  easily  moved.  A  quarter  of  a  turn  in 
the  direction  for  closing  it  causes  the  cam  to  rise  and  take  a  bearing  on  the  upper 
surface  of  the  chaml)er,   and  the  only  effect  of  further  effort  to  turn  the  stem  in 

that  direction  is  to  force  the  plug 
more  firmly  to  the  seat.  A  slight 
motion  in  the  other  direction  im- 
mediately releases  the  cam  and  the 
plug  turns  easily,  being  arrested  at 
its  proper  open  position  by  con- 
tact of  the  fingers  of  the  cam  at  the 
other  end  of  its  travel.  E.  D.  D. 
are  balancing  ports  which  allow  the 
pressure  to  predominate  at  the  top 
of  plug,  holding  it  gently  in  its  seat 
while  valve  is  open.  Made  in  all 
sizes  up  to  six  inches,  and  for  all 
pressures  up  to  5,000  pounds  per 
square  inch.  Made  in  Straight 
Way,  Three  and  Four  -  Way  Pat- 
terns. 

For  Steam,  Compressed  Air  and 
Hydraulic  Service. 


Homestead  Straightway  Valve 

THE  HOMESTEAD  LOCKING  COCK 

is  made  with  a  double  external  locking  de- 
vice, which  forces  absolutely  tight  adherence 
of  the  plug  to  the  seat  at  each  end  of  the 
quarter  turn  to  which  it  is  limited,  insuring 
easy  turning  and  almost  entire  freedom  from 
wear,  giving  yovi  SIMPLICITY,  RAPID- 
ITY and  DURABILITY  combined. 


The  Homestead  Locking  Cock 


M^-^ 
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Valves  and  Fittings 


THE  KELLY  &  JONES  CO. 

GEEENSBURG,  PA. 

Manufacturers  of 

BRASS  AND  IRON  PIPE  FITTINGS,  BRASS  AND  IRON  VALVES, 

COCKS,  ETC. 

FOR  STEAM,  GAS,  WATER,  AIR  AND  OIL 


Cast  Iron  Fittings 


"Excelsior"  Valves 
Brass — High  Pressure 


^^ 


Brass  Wedge  Gate 
Valves 


CAST  IRON  FITTINGS 

All  styles,  screwed  or  flangetl 
for  all  pressures. 

All  K.  &  J.  cast  iron  fittings 
are  made  of  the  best  grade  iron, 
threads  cut  true  to  standard 
gauge  and  each  fitting  recessed. 


MALLEABLE  FITTINGS 

All  styles — for  all  pressures. 
Plain,  beaded  or  fiat  band. 

BRASS  FITTINGS 

Screwed  or  flanged,  rough  or 
finished  —  standard  or  extra 
heavy. 

DRAINAGE  FITTINGS 

Our  line  of  special  recessed  fit- 
tings for  wrought  iron  drainage 
systems  has  been  in  satisfactory 
use  for  years. 


BRASS  VALVES 

We  make  a  brass  valve  for 
every  purpose  and  each  valve  a 
perfect  product.  Only  the  best 
grades  of  raw  material  used  and 
each  valve  thoroughly  tested  to 
pre.ssure  recommended. 

IRON*  BODY  VALVES 

Our  line  of  iron  body  valves 
is  most  complete.  We  make 
every  style  and  for  all  pressures. 
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Malleable  Fittings 


Jenkins  Disc  Brass 
Valves 


Iron  Body  Wedge  Gate 
Valves 


Valves 


JENKINS  BROS. 


80  White  St.,  NEW  YORK 

133  No.  Seventh  St.,  PHILADELPHIA 


524  Atlantic  Ave.,  BOSTON 
300  W.  Lake  St.,  CHICAGO 


JENKINS  BROS.,  LIMITED 

103  St.  Keiiii  St.,  Montreal  95  Queen  Victoria  St.,  London,  E.  C. 

JENKINS  RUBBER  CO.,  ELIZABETH,  N.  J. 

MANUFACTURERS   OF  JENKINS   BROS.  VALVES, 
PACKING,  AND  OTHER   MECHANICAL  RUBBER  GOODS 


Sectional  view  of 
Brass  G'obe  Valve   . 
Standard  Pattern    mg  steam  pre 


JENKINS  BROS.  BRASS  VALVES 

Jenkins  Bros.  Brass  Valves,  Standard  Pattern,  are  made  in 
glul)e,    angle,    cross,    check,    safety,    Y   and   radiator   patterns. 

They  are  the  original  renewable  disc  valves. 

The  Jenkins  Di.'^cs,  with  which  they  are  fitted,  are  of  special 
rubber  composition,  readily  adapting  themselves  to  the  raised 
seats  ensm'ing  absolutely  tight  closure.  As  there  is  no  metal- 
against-metal  contact  of  seats,  there  is  less  abrasion  and  wear, 
and  the  labor  of  regrinding  is  obviated.  Jenkins  Discs  are  in- 
expensive, give  long  service,  and  when  worn  out  can  be  readily- 
renewed  without  removal  of  valves  from  piping.  As  regularly 
supi)lied,  valves  are  fitted  with  discs  of  hard  composition  fcr 
st(>am  service.     For  cold  water,  air  or  gas,  discs  of  softer  corn- 


Brass  "G'obe' Valve  position  are  recommended.     The  valves  are  guaranteed  for  work- 


sures  u])  to  150  pounds. 


JENKINS  BROS.  IRON  BODY  VALVES 

Jenkins  Bros.  Iron  Body  Valves,  Standard  Pattern,  are 
made  in  globe,  angle,  cross,  check,  Y,  safety  and  back  pres- 
sure patterns.  Tliey  are  heavy  and  strong.  The  working 
])arts  are  similar  in  construction  to  the  standard  pattern 
l)rass  valves,  and  they  are  regularly  fitted  with  Jenkins 
composition  discs.  All  parts,  including  raised  seat,  are  inter- 
changeable and  renewable.  Guaranteed  for  working  steam 
pressures  up  to  150  pounds. 

raa_rnT,  JENKINS  BROS.  EXTRA  HEAVY  VALVES 

J(Mikins  Bros.  Extra  Heavy  Valves  are  de- 
signed for  250  pounds  working  pressure. 
The  Globe,  Angle  and  "Y"  or  Blow-off 
Valves  are  made  in  brass,  either  screwed  or 
flanged,  sizes  ]/i  to  3  inches,  and  iron  body 
2  to  12  inches  inclusive.  The  valves  are  well 
designed,  made  of  the  very  best  steam  metals,  I^"^  Body  Globe  Valve 
andgreatcareistakenwiththe  workmanship.  ^^*^^  ^^^"^  ^^"^^"^ 
The  sjiindles  are  large  and  have  powerful  Acme  standard  threads. 
The  st  ufhng  boxes  are  also  large  and  arranged  so  t  hat  they  can  be 
l)acked  imder  full  jire.ssure  when  wide  ojien.  ^lley  are  fit  ted  wit  h  renewable  steam 
metal  discs  when  used  for  steam,  with  Jenkins  Discs  for  cold  water  service,  and  also 
have  removable  seat  rings  which  can  be  regroiuid  or  renewed  when  necessaiy. 

A  full  line  of  Extra  Heavy  Horizontal,  Angle  and  Swirg  Check  \'alves  is  also 
made  equally  heavy  in  design  and  can  be  recommended  as  being  fully  adapted 
to  the  service  required. 

As  regularly  made,  all  these  Extra  Heavy  Valves  are  tested  to  800  pounds 
hydraulic  pressure.    The  factor  of  safety  is  so  high,  however,  that  the  ^.^^ 

test  pressure  can  be  increased  to  double  this  figure  if  required  and  <<jE^^ms> 
the  valves  may  be  safely  used  on  hydraulic  or  air  pressures  up  to  ^^^^<;^^y^ 
800  pounds.  ^^^a^ 


Fig.  339 
Sectional  view  rf 
Iron  Body  Swing 
Check  Valve,  Ex- 
tra Heavy  Pat- 
tern 


Fig.  102 
Sectioncil  view  of 
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JENKINS  BROS. 


JENKINS  BROS.  EXTRA  HEAVY  AUTOMATIC 
EQUALIZING  STOP  AND  CHECK  VALVES 

are  designed  to  shut  off,  automatically,  the  flow  of  steam  from 
the  header  to  a  boiler  in  case  a  tube  should  burst  or  other  in- 
ternal rupture  occur,  thereby  suddenly  reducing  the  pressure 
in  the  boiler.  They  also  serve  to  equalize  the  jiressure  in  a 
battery  of  boilers  and  prevent  one  boiler  from  working  at  a 
lower  pressure  than  the  others.  As  the  valves  can  only  be 
opened  by  the  pressiu-e  in  the  boiler  it  is  impossible  to  turn 
steam  accidentally  into  a  boiler  which  is  being  cleaned.  To 
])revent  chattering,  the  valve  is  cushioned  by  an  internal 
dashpot  made  of  bronze  which  ehminates  all  danger  of  stick- 
ing through  cori'osion. 

Each  valve, is  carefully  tested  to  800  pounds  hydraulic 
l)ressure  and  is  guaranteed  for  working  steam  pressures  up 
to  250  pounds.    The  stuffing-boxes  can 


Fig.  203 


matic  Stop  and  Check 
Valve,  Angle  Pattern 


Fig-  245 
Sectional  View  of  Extra 


be  packed  when  valve  is  wide   open^^<="°"^l  ^'^^  °f  ^"*° 
under  full  pressure. 

JENKINS  BROS.  GATE  VALVES 

are  a  comparatively  new,  and  distinctly  high  grade  line. 
They  are  made  in  brass  or  iron  body  in  three  distinct 
patterns :  Standard,  for  12.5  pounds  working  steam  pressure, 
or  175  pounds  water;  Medium,  for  175  pounds  steam  or  250 
pounds  water;  Extra  Heavy,  for  250  pounds  steam  or  400 
pounds  water. 

They  are  all  of  the  solid-wedge,  double-face  type.  The 
wedge  or  gate  is  guided  by  ribs  cast  on  the  inside  of  the 
body,  which  fit  in  corresponding  channels  in  the  wedges, 
thereby  preventing  the  wedge  from  dragging  across  the 
scat,  preventing  uneven  wear  on  the  faces,  or  chattering 
when  valve  is  partly  open. 

One  of  the  important  features  of  these  valves  is  the  im- 
proved globe  shaped  body,  a  novel  design  which  is  used 
because  it  secures  the  greatest  possible  strengtJi,  good 
proportion  and  neat  appearance. 

The  brass  valves  are  regularly  made  in  sizes  M  to  3  inches. 
Larger  sizes  in  brass  can  be  made  from  iron  body  patterns. 

Standard  Iron  Body  Valves  made  in  sizes  2  to  .30  inches ; 
Su'^ide°Sc?ew'anlYokf^it^dium  up  to  18  inches;  Extra  Heavy  up  to  24  inches. 

JENKINS  BROS.  CAST  STEEL  VALVES 

are  made  in  Globe,  Angle,  Gate  and  Check  Patterns,  which  ex- 
perience has  shown  are  perfectly  adapted  for  the  severe  conditions 
incident  to  high  pressure  superheated  steam  service.  The  steel 
used  in  these  valves  is  made  in  a  modern  converter  from  selected 
irons  and  for  strength,  ductility  and  soundness  the  castings  are 
fully  ecjual  to  those  produced  commercially*by  any  known  process. 

For  seat-rings,  discs,  bushings,  and  spindles.  Monel  Metal  is 
used,  a  natural  alloy  containing  about  70  per  cent  nickel.  The 
tensile  strength  is  high,  it  is  very  hard,  durable  and  non-corro- 
sive and  expands  and  contracts  practically  the  same  as  cast 
steel.  Seat-rings  made  of  this  metal  do  not  get  loose  under  the 
most  sevei-e  conditions. 

The  valves  are  suitable  for  working  steam  pressures  up  to 
350  pounds,  and  total  temperature  of  800°  F. 

All  the  genuine  Jenkins  Bros.  Valves  bear  the  Diamond  Trade 
Mark,  and  are  absolutely  guaranteed  to  be  perfect  in  workman- 
ship  and  suitable  and  efficient  in  the  service  for  which  they  are   Sectional  \^^w  of 
designed.  Iron  Body  Gate, 

A  catalogue  of  all  the  Jenkins  Bros,  products,  giving  sizes.       Inside  Screw 
styles  and  list  prices  mailed  on  request. 
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THE    LUDLOW  VALVE   MFG.   CO. 

TROY,    NEW   YORK 

BRANCH   OFFICES 

I  EW  YORK:  62  Gold  It.  ^„.^AGO,  ILL.:  6^3-635  The  Rookery 

bOSTON,  MASS.:  Oliver  Bldg.  PHILADi-LPHIA,  PA.:  Harrison  Bldg. 

PITTSBURGH,  PA.:  First  Natl.  Bank  Bldg.  KANSAS  CITY,  MO.:  Victor  Bldg. 

HIGH  GRADE  VALVES  FOR  EVERY  PURPOSE;  VALVES  FOR  STEAM,  WATER,  OIL, 
GAS  AND  AMMONIA,  OF  ANY  SIZE  AND  FOR  ALL  PRESSURES;  AUTOMATIC  AIR 
VALVES  AND  FLOAT  VALVES;  RELIEF  VALVES;  SLUICE  GATES;  CHECK  AND  FOOT 
VALVES;    COMBINATION   AIR  VALVE  WITH  CONTROLLING  GATE;    HYDRANTS. 


THE   LUDLOW  DOUBLE   GATE   VALVE 

The  illustrations  below  show  section  of  valve  and  detailed  view  of  the  Gates 
and  Wedges.  The  Gates  cannot  lock  ox  wedge  in  closing  until  directly  opposite 
the  ports.  Gates  are  released  from  seats  before  starting  to  rise,  avoiding  wear 
on  seats,  and  grinding  or  dragging  of  faces  of  gates  on  seats  is  impossible.  Stem 
cannot  bind  or  wedge.  The  gates  cannot  cant  to  either  side  and  cause  stripping 
of  threads  on  stem. 


LUDLOW  DOUBLE   GATE   VALVES  FOR   ALL   PRESSURES 
These  Valves  all  have  a  10"  opening 


300   LBS. 


350  LBi 


600  LBS. 


1500  LBS. 


2  00  0  LB5. 


Fire   Hydrants 


THE  LUDLOW  VALVE  MFG.   CO. 


FIRE  HYDRANTS 

Genuine  Ludlow  Slide  Gate,  Frost  Proof,  Fire 
Hydrant.    Rubber-faced  Gate.    Bronze  Mounted. 

(a)  Simple  in  construction. 

(b)  Drip  valve  in  extreme  bottom  of  hydrant, 
draining  hydrant  barrel  completely  and  permit- 
ting no  water  to  remain  in  same. 

(c)  All  working  parts  can  be  removed  without 
disturbing  hydrant  barrel  or  doing  any  digging. 

(d)  Gate  is  released  from  seat  before  starting 
to  rise,  avoiding  wear  on  gate  rubber. 

(e)  Gate  when  shut  remains  tight  when  top  of 
hydrant  is  removed. 

(f)  No  flooding  of  street  in  case  standpipe  or 
barrel  is  broken. 

(g)  In  opening  hydrant,  first  turn  of  the  stem 
closes  the  drip  valve,  after  which  the  bronze- 
wedge  nut  in  back  of  gate  is  loosened,  relieving 
gate  from  its  seat. 

Final  turn  of  the  stem  after  gate  is  closed  and 
wedged  opens  the  drip  valve. 

(h)     Frost  case  unnecessary. 

(i)     Large  waterway. 
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Size  of  Hydrant  or  Diameter  Valve 

2" 

3" 

4" 

4J" 

5" 

7" 

6"or8" 

3-2  J" 

6" 

8" 

3" 
2" 
1-2" 

41" 

3"or4" 

l-2i" 

5f" 

4"or6" 

2-2^" 

6J" 

6" 

3-21" 

8" 

6"or8" 

4-2i" 

10" 

8"orl0" 

6-2J" 

Hteamcr  nozzle  can  he  added  on  sizes  4"  and  up,  or  can  be  substituted  for  21 
ladtpeudent  cut-oH  gate  can  be  furnished  on  2i"  nozzles  if  wanted. 


nozzles.     Inside 
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THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

BRASS,  IRON,  SEMI  AND  CAST  STEEL  VALVES,  WHISTLES,  COCKS, 
GAUGES,  INJECTORS,  LUBRICATORS,  OIL  PUMPS,  OIL  AND  GREASE 
CUPS,  MOTOR  ACCESSORIES,  ETC. 


LUNKENHEIMER  CATALOGUE 

We  illustrate  on  this  and  the  three  following  pages  only  a 
few  of  our  leading  specialties,  the  whole  being  considerably  con- 
densed, owing  to  the  lack  of  space.  For  a  complete  description, 
with  sectional  illustrations  of  the  following,  together  with  a 
large  number  of  other  engineering  appliances,  reference  must  be 
had  to  our  Catalogue,  a  copy  of  which  can  be  had  free  of  charge. 
This  book  consists  of  670  pages,  is  handsomely  bound  and 
illustrated,  and  shows,  describes  and  lists  the  entire  line  of 
Lunkenheimer  products,  which  is  not  only  the  largest  line  of  high  grade  en- 
gineering specialties  in  the  world,  but  the  variety  of  these  appliances  is 
by  far  the  greatest. 

The  Lunkenheimer  Catalogue  also  contains  tables  and  information  of  great 
value  and  of  daily  use  to  engineers  in  general, — in  fact,  it  is  a  book  that  no 
engineer  can  afford  to  be  without.     Write  for  a  copy. 


LUNKENHEIMER  REGRINDING  VALVES 

BRASS 

Made  in  Globe,  Angle  and  Cross  Patterns;  Screw  or  Flange 

Ends;  Medium  weight,  for  working  pressures  up  to  200  pounds. 

Extra  Heavy  for  300  pounds;  sizes  ranging  from  3^  to  4  inches 

inclusive. 

These  valves  can  be  reground  quite  a  number  of  times,  with- 
out removing  them  from  their  connecting  pipes,  making  them, 
.as  tight  as  when  new.    The  discs  and  all  other  parts  are  renew- 
able; the  stuffing-boxes  can  be  repacked  under  pressure  when 
the  valves  are  wide  open;  the  areas  through  the  bodies  are  in  excess  of  the  nominal 
inside  diameter  of  the  connecting  pipes,  and  the  union  connection  between  the 
body  and  hub  provides  a  non-corrosive,  re-inforcing  joint. 

LEADING  DIMENSIONS 


Size  of  Valve inches 

Face  to  Face  Screw  End   f  Medium,  " 

Globe  Valve  I  Ex.  Hy.,  " 

Ct^nter  to  Face  Screw  End  f  Medium,  " 

Angle  or  Cross  Valves  (Ex.  Hy.,  " 
Face  to  Face  Flange  End  /Medium,  " 

Globe  valve (Ex.  Hy.,  " 

Center   to    Face   Flange  f  Medium,  " 

End    Angle    or    Crosse 

Valve '■  Ex.  Hy.,  " 

Center  of  Port  to  Top  of  f  Medium,  " 

Stem,  when  open (.Ex.  Hy.,  " 


}'S 

li 

Vs 

3^ 

Vi 

1 

Hi 

1>2 

2 

2M 

3 

3}^ 

1^ 

2  J, 

2^i 

2  ',r, 

0  l.'y 

.3H 

3's 

4  ^r, 

5>4 

6',, 

7\ 

8 

•2U 

2,V 

2e 

3:'s 

3?4 

■iz^ 

■ih 

5h 

7  '16 

'li>i 

y 

" 

1 

1 

1  \ 

]^: 

1  •■  i 

n; 

2'  s 

2V 

3\ 

Sir 

3'V 

1 

1  "if, 

^li 

1  '16 

1 IV 

2  3  2 

2''s 

2"l6 

3H 

4 

43-2 

97; 

■.V>i 

4»i. 

4-\' 

m 

5".s 

67  s 

7'V 

8',; 

9V 

3>4 

3'-, 

4>-. 

4-;'4 

r>'4 

6-'x 

7?  8 

S^K 

yiSs 

^% 

13'. 

\l\ 

2H 

2H 

2% 

3A 

sys 

4»16 

4M 

5 

IM 

2  ji 

2% 

2ys 

2f' 

3\ 

SH 

4  ;\6 

4ii 

5^6 

2  \ 

4 

4 

4',f, 

47^ 

534 

6^fi 

0 '■'■„■, 

s^« 

9V, 

9'V, 

ii?i 

4\ 

4  V 

4'V 

5  A 

0?s 

C'V 

7?4 

'j-'» 

10'4 

H  '16 

12 -'4 

9 

10'^ 

4^^ 
1084 

KIT 
O  ,  IG 

12'-te 
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THE  LUNKENHEIMER  COMPANY 


LUNKENHEIMER  BRASS  "RENEWO"  VALVES 

Gl()l)o,  Anglo  and  Cross  Patterns;  Screw  of  Flange  Ends; 
Medium  weight,  for  working  pressures  up  to  200  pounds,  Extra 
Heavy  for  300  pounds;  sizes  from  }<£  to  3  inches  inclusive. 

All  parts  are  renewable,  including  the  seat  and  disc,  and  the 
seating  faces  are  also  regrindable.  Both  seat  and  disc  are  made 
of  a  most  durable  nickel  alloy,  and  their  unique  construction 
reduces  the  wear  on  the  seating  faces,  caused  by  the  great  velocity 
of  the  steam  flowing  through  the  valve,  makes  them  self-cleans- 
ing and  eliminates  water-hammer. 

Areas  through  the  bodies  are  larger  than  those  of  the  con- 
necting pipes;  stuffing-boxes  can  be  packed  under  pressure 
wh<ni  the  valves  are  wide  o])en,  and  the  valves  are  provided  with  a  non-corrosive 
union  connection  between  the  body  and  hub. 

LEADING  DIMENSIONS 


Size  of  valve 


[■hos 


Face  to  Face  IScrew  End  (Medium,  iiiclies 

Globe  ^■alvcs I  Ex   II  v.,   inches 

Center  of  Port  to  Face  of  j  Medium,  inches 

Screw  End  An^;Ie^'alves  \  Ex  Hy.,  inches 
Center  of  Port  to  Face  of  (Medium,  inches 

Screw  End  Cross  ^■alves  I  Ex  Hy.,  inches 
Face  to  Face  Flange  End  (  Medium,  inches 

C; lobe  Valves (Ex  Hy.,   inches 

Center  of  Port  to  Face  of  /-Medium,  inches 

Flange    End     Angle   or  < 

Cross  Valves tEx  Hy.,   inches 

Center  of  Port  to  Top  of  f  Medium,  inches 

Stem,  when  open .  .  .  .  .  .   (Ex.  Hy.,  inches 


H 

?8 

1 ,, 

H 

1 

1J4 

IH 

2 

2^ 

2tV 

2  3T 

2H 

3A 

■6^^ 

414'  4M 

534 

6",. 

2?la 

2-^^ 

2^s 

3U 

4"s 

4M    5J4 

6-*/s 

7H 

1  'ifi 

1'4 

1^ 

1  'V 

1  \ 

2V, 

2^8 

3>i„ 

1^ 

1>, 

1*^8 

IH 

144 

2,V 

2  'k, 

a 

3  4« 

1  'ifi 

1'4 

1^ 

1  'V 

1% 

2Y« 

2V, 

3% 

1^ 

1^ 

IH 

1V8 

14* 

2W 

2  ■■■,. 

3a/s 

a-^ifi 

3 

3  V 

4 

4>'« 

5   ',6 

(j'/s 

7^4 

8 

3U 

3'V 

4'*/s 

5',fi 

5",. 

6"„ 

8 

9 

lih 

Mi 

2ii 

2M 

2'\6 

••i^ 

3^8 

4?i^ 

m 

2^ 

2'r, 

25/^ 

2^ 

3^ 

4 

41/^ 

•s>/k 

•A 'A 

4S. 

5 '-^,6 

^\ 

7 

TVs 

8",^ 

^■'A 

4  ,^16 

4  "16 

4:!4 

.5^ 

an 

7^8 

ail 

9M 

11,V 

3 

7M 

3»,5 

4}^ 
4  3,^ 
4'ia 
9 
10 
4J^ 

5 

10 -^.a 

12H 


LUNKENHEIMER  IRON  BODY  BRASS  MOUNTED;  "PUDDLED"  SEMI- 
STEEL  AND  CAST  STEEL  GLOBE,  ANGLE  AND  CROSS  VALVES 

Iron  Body  Brass  Mounted — Medium  Pattern,  Un-  work- 
ing pressures  up  to  12.5  pounds,  Heavy  for  175  pounds  and 
Extra  Heavy  for  250  pounds;  Screw  or  Flange  Ends. 
Extra  Heavy  Pattern  can  be  had  with  or  without  interior 
or  exterior  by-pass.  Medium  and  Heavy  Patterns  made  in 
sizes  from  2  to  12  inches  inclusive;  Extra  Heavy  without 
by-pass,  from  2  to  10  inches,  and  with  by-pass,  from  'A]  2 
to  12  inches  inclusive. 

All  parts  subjected  to  wear  are  renewable;  the  seating 
faces  of  both  the  main  and  by-pass  valves  are  regrindable, 
and  the  stuffing-boxes  can  be  packed  under  pressure  when 
valves  are  wide  open. 
For  superheated  steam,  these  valves  can  be  had  made  of  "Puddled"  Semi- 
steel,  a  material  having  a  tensile  strength  of  35,000  pounds  per  square  inch;  and 
for  extreme  condidons  of  pressure,  superheat  and  strain,  of  cast  Steel,  the  tensile 
strength  of  which  is  about  80,000  pounds  per  square  inch. 

LEADING  DIMENSIONS  OF  IRON  BODY  AND  "PUDDLED"  SEMI-STEEL  VALVES 


Size  of   ^"alvc inches 

2 

214 

3 

3}  2 

4 

4.12 

5 

6 

7 

8 

10 

2314 

12 

Face  to  Face  Screw  )Med&Hv.,in. 

6^ 

7  \, 

sv 

9 

10 

im 

12 

131/Q 

1534 

18 

27 

EndGlobe^■alves  jEx  Hy., inches 

8  V, 

1054 

1P4 

12^4 

13 

14 

14 '48 

16 '4 

18  K 

20 

23^4 

2734 

Center  of  Port  to"^ 

Face  of  Screw  (Med  &  Hy.,  in. 

3'^ 

3^ 

4'i^ 

414 

5 

5% 

6 

mi 

7 '48 

8^8 

10 

11% 

End   Angle   or  TEx  Hy.,   inches 

4tT 

5% 

5-48 

6^8 

6 14 

7 

7H 

H'/i 

9'48 

10 

1P48 

13^,-, 

Cross  ^  alves. .  J 

Face  to  Face  of  •»  Medium,  inches 

714 

S'^ 

flif 

1014 

11 

12 

12^4 

14^4 

16 '4 

19H 

24  4 

271  ,^ 

Flange  End        V Heavy,      inches 

8 

9H 

10 

11 

UVh 

12^4 

13H 

15 

17 

204 

24 '4 

271  „ 

Globe  Valves..  J  Ex.  Hy.,  inches 

9M 

1132 

1234 

rsii 

14 

15 

15M 

17^/2 

19M 

21^4 

2o'.'s 

2S;4 

""TFlangeEndUl"!--.!-}^- 
Ang>  or  Cross  JHeav>.__mches 

33.f 

414 

454 

514. 

bVo 

6 

6^4 

7'^ 

8}^ 

834 

101^ 

12 

4?/s 

4Js 

5 

55i 

5^8 

6V 

6?4 

7 

6>V 

71 ', 

7 '4 
7% 

8  V 
8?^ 

y 

9?s 

9^/8 

104 

114 

12 '4 

12^4 
14 

Center  of  Port  to  ~|  Medium,  inches 

9'i 

1 05 ,: 

11'  . 

13', 

14'4 

l.')-4 

17 

185^ 

204 

221 ., 

-'i"\ 

301.; 

Top    of    Stem,  >  Heavy,      inches 

0', 

lO^s 

ll'o 

131, 

14-4 

l."r4 

17 

1848 

201, 

I'L'  1  ■. 

I'd  '  H 

30' .^ 

when  open 'Ex   Hv.,   inches 

1314 

14^4 

IH'H 

UU 

19i-, 

20;., 

22 

24 

2V34 

2\iiH 

35y,s 

40M 

Center  of  Valve  to  End  of  ■> 

By-pass,     Extra    Heavy  >  inches 

7H 

7H 

8 

9H 

1048 

11^8 

134s 

16 

17% 

Pattern i 

(See  also  next  page) 
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THE  LUNKENHEIMER  COMPANY 

■  CINCINNATI,  OHIO 


LUNKENHEIMER  IRON  BODY  BRASS  MOUNTED;  "PUDDLED' 
STEEL  AND  CAST  STEEL  "VICTOR"  GATE  VALVES 


SEMI- 


Made  with  either  stationary  stem  inside  screw,  or  rising  stem 
and  yoke;  with  or  without  by-pass,  screw  or  flange  ends. 

Iron  Body  Brass  Mounted — Standard  Pattern,  sizes  2  to  24 
inches.  From  2  to  8  inches  inclusive  for  working  pressures  below 
125  pounds;  above  8  inches  for  pressures  up  to  100  pounds. 
Medium  Pattern  for  working  pressures  up  to  125  poimds;  with- 
out by-pass  in  sizes  2  to  24  inches;  with  by-pass,  5  to  24  inches. 
Heavy  Pattern  for  175  pounds  working  pressure;  without  by- 
pass, sizes  2  to  24  inches;  with  by-pass,  5  to  24  inches.  Extra 
Heavy  Pattern  for  pressures  up  to  250  pounds;  without  by-pass, 
sizes  13^  to  16  inches;  with  by-pass,  5  to  l(j  inches. 

All  parts  subjected  to  wear  are  renewable,  and  this  includes 
the  seats  and  discs.  The  valves  are  double-seated  and  will  there- 
fore take  pressure  from  either  end;  both  the  main  and  by-pass 
valves  can  be  packed  under  pressure  when  the  valves  are  wide 
open,  and  the  by-pass  seating  faces  can  be  rcground. 

For  superheated  steam,  the  "Victor"  Gate  Valves  are  made  of 
"Puddled"  Semi-steel,  and  for  extreme  conditions  of  pressure, 
superheat  and  strain,  they  are  made  of  Cast  Steel. 


LEADING  DIMENSIONS  OF  IRON  BODY  BRASS  MOUNTED  AND  "PUDDLED' 
SEMI-STEEL  VALVES 


Size  of  Valve   inches 

IK 

2 

2J^ 

3 

3M 

4 

4J^ 

5 

6 

7 

8 

(  Standard 
Face  to  Face  Screw  Ends. .  -^  Med  &  Hy 

4 

4H 

^% 

b% 

61/8 

6H 

67/8 

7Vs 

8V4 

9 

4W 

5t^ 

bVs 

b-H 

6 

bt^ 

7n 

7'/8 

9^4 

10%8 

1  Ex  Heavy 

4% 

6rs 

6t^ 

«H 

7t^ 

7H 

8A 

8^4 

9^8 

n% 

121/8 

r  Standard 

b 

bH 

^Vn 

bH 

'i% 

vv? 

VH 

SH 

91/8 

9% 

Face  to  Face  Flange  Ends  )  Medium 

514 

6U 

6^/8 

6H 

Vi/8 

ly-?. 

8^ 

9H 

lO'/s 

11% 

)  Heavv 

6H 

7^8 

8i4 

8^8 

9 

9^8 

lUH 

lU'/8 

12^ 

13H 

LEx.  Heavy 

6H 

evs 

V^s 

8i4 

9 

9^8 

iu% 

12^4 

13  H 

lb 

16H 

Center  of  Port  to  Top  of  1  Standard 

934 

11^/8 

13i/8 

14i/8 

15^8 

16^8 

18  H 

2U-/8 

22% 

26% 

Stem,    Stationary    Stem  -  Med  &  Hy 

lU 

12M 

13^4 

14^4 

16^4 

IVi-i 

19 

21 

22^4 

2b 

Pattern (Ex  Heavy 

10  i4 

12 

1334 

14»4 

16i/, 

18 

19i4'20^ 

23^4 

2514 

28 

Center  of  Port  to  Top  of  ( Standard 
Stem,  when  open.  Rising  -J  Med  &  Hy 

12''/„ 

15 

16^8 

19  H 

21V,  2:114  -Ib^i 

30 

33% 

38^4 

13 

16^ 

IV  H 

2Ui4 

22''4  24  '  ,  2GM 

31 

34% 

39 

Stem  &  Yoke  Pattern.  .    1  Ex  Heavy 

12^4 

14  H 

17 

18^4 

21 

23I412O 

2;h 

32i4 

36  H 

39  H 

Center  of  Body  to  End  of  f  Med  &  Hy 
By-pass (.Ex  Heavy 

fiu 

7M 

X 

9 

9M 

103^  11 

T?4 

Size  of  Valve 

inches 

9 

10 

12 

14 

15 

16 

18 

20      22      24 

f  Standard 
i  Med  &  Hv 

ini^ 

11  3/5 

Face  to  Face  Screw  Ends 

11  H 

13 

141^ 

1  Ex  Heavy 

14% 

16 

^Standard 

10% 

11% 

13 

13 1/ 

14 

16 

17 

IS 

19 

Face  to  Face  Flange  Ends 

)  Medium 

12'^, 

14i-,( 

15 

161/, 

16% 

181/ 

22 

24 

25 

26 

\  Heavv 

14 

15-H 

16'/ 

18 

18% 

201s 

23  H 

25%8 

26%8 

21% 

LEx  Heavy 

19 

19^4 

2  m 

22'  -1 

24 

Center  of  Port  to  Top  of  Stem 

(  Standard 

30 

34.ii, 

377/8 

39i.> 

42 

461/ 

bb%  5414 

59 

Stationary  Stem  Pattern 

\  Med  &  Hv 
(Ex  Heavy 

2V4 

30 

34% 

38 

391., 

42 

461/ 

511/ 

55 

591/ 

32'/, 

37 

4014 

42i;> 

451/, 

Center  of  Port  to  Top  of  Stem 

f  Standard 
'\  Med  &  Hy 

46 

54 

bl  1 ., 

651 4 

691/ 

755/8 

83  A 

9i 

9814 

when   open.    Rising   Stem   & 

43%  47 

i)4  ' ., 

621.,  661., 

VI 

77 

86I4 

92  H 

101 

.  .  .  471.. 

r.  ~ 

62 1-.  661..  701/ 

Center  of  Body  to  End  of  Bv- 

f  Med  &  Hy 
\  Ex  Heavy 

9%  10%  11% 

13%  141.. 

15'  " 

191/ 

21M  22M 

24 

pass 

...  14>^  15% 

17     118 

19M 
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THE  LUNKENHELMER  COMPANY 

CINCINNATI,  OHIO 


LUNKENHEIMER  NON-RETURN    SAFETY  BOILER 

STOP  VALVES 
Iron  Body  Brass  Mounted;  "Puddled"  Semi-steel  and  Cast  Steel 

Made  in  sizes  from  4  to  10  inches  inclusive,  screw  or  flange 
ends,  and  in  five  different  combinations  of  material  to  suit  the 
requirements  of  various  conditions  of  superheat  and  high  pressure, 
and  to  meet  the  specifications  of  engineers  who  may  differ  as  to 
what  is  best  suited  to  the  purpose. 

Valves  will  immediately  close  in  case  of  a  sudden  decrease  in 
pressure  on  the  boiler  side  of  the  disc,  caused  by  the  blowing  out 
of  a  tube  in  the  boiler  or  any  rupture  of  the  headers,  shell,  etc. 
Chattering  or  vibration  of  the  disc  is  overcome  by  an  ingenious 
outside  spring  arrangement.  Valves  cannot  be  opened  by  hand, 
but  can  be  positively  closed. 

Of  extra  heavy  construction,  well  made  in  every  detail,  and 
guaranteed  in  every  particular.  All  parts  subjected  to  wear  are 
renewable. 

LEADING  DIMENSIONS 


Size  of  Valve 

.  inches 

4 

4}  2 

5 

6 

7 

8 

10 

Face  to  Face,  Screw  End  Globe  Valve 

.  inches 
.  inches 
.inches 
.inches 
.inches 
.inches 
.  inches 

13 

63-^ 
14 

7 
21M 

'I 

14 

7 
15 

7M 
23 
22M 

9>2 

143^ 

7H 

IWa. 

25 

24  M 
9% 

16  ^ 
8M 
17J^ 

8M 
27 
27 
11 

93-8 

1934 

9% 

31 

12% 

20 
10 

21M 

103^2 

333^ 

33 

14 

23 '4 
115^ 
253^ 
1234 
40^ 
393^ 
163^ 

Face  to  Face,  Flange  End  Globe  Valve 

Center  to  Face,  Flange  End  Angle  Valve .  .  .  . 
Center  of  Body  to                        f  Globe  Valve . 

Top  of  Stem,  open \  Angle  Valve . 

Center  of  Body  to  Extreme  End  of  Yoke  . .  .  .  . 

LUNKENHEIMER  "PUDDLED"  SEMI-STEEL  VALVES 

Particularly  adapted  for  high  pressures  and  superheated  steam. 

The  "Puddled"  Semi-steel  as  used  in  Lunkenheimer  valves  is  an  extremely 
high-grade  iron  and  steel  alloy  of  very  close  grain  and  great  strength,  the  tensile 
strength  per  square  inch  being  about  35,000  pounds. 

All  parts  subjected  to  wear  are  renewable,  making  the  valves  practically  inde- 
structible. 

The  line  includes  Globe,  Angle,  Cross,  Gate,  Check  and  Non-return  Safety 
Boiler  Stop  Valves,  guaranteed  for  working  pressures  up  to  250  pounds  per  square 
inch,  and  to  suit  various  conditions  of  superheat  and  meet  the  specifications  of 
engineers  who  differ  as  to  the  material  used  for  the  trimmings,  "Lunkenheimer 
"Puddled"  Semi-steel  Valves  arc  made  in  two  combinations. 

LUNKENHEIMER  CAST  STEEL  VALVES 

For  extreme  conditions  of  pressure,  superheat  and  strain,  Lunkenheimer  Cast 
Steel  \'alves  are  unexcelled. 

The}^  are  the  only  cast  steel  valves  made  to  meet  standard  si)ecifications  and 
are  the  only  steel  valves  containing  less  than  .05  per  cent  of  either  phosphor  us 
or  sulphur. 

The  tensile  strength  of  Lunkenheimer  Cast  Steel  is  about  80,000  pounds  per 
square  inch,  with  a  safe  elastic  limit  and  excellent  elongation. 

To  suit  the  requirements  of  various  conditions  of  superheat  and  high  pressure, 
and  also  to  meet  the  specifications  of  engineers  who  may  differ  as  to  wiiat  is 
best  suited  to  the  purpose,  Lunkenheimer  Cast  Steel  Valves  are  made  in  two 
combinations  as  regards  the  material  used  for  the  trimmings. 

The  line  includes  Globe,  Angle,  Gate,  Non-return  Safety  Boiler  Stop  Valves,  etc. 

(See  also  next  page) 
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Mechanical  Oil  Pumps  and  Oil  Cups 


(Continued  from  preceding  pages). 

THE  LUNKENHEIMER  COMPANY 

CINCINNATI,   OHIO 


"  Marvel 


LUNKENHEIMER  MECHANICAL 
OIL  PUMPS 

More  efficient  and  economical  than 
hydrostatically  operated  lubricators. 

The  Single-Feed  "Marvel"  is  made 
in  1-pint,  1-quart  and  J^^-gallon  ca- 
pacities; Double-Feed  "Marvel"  in 
1-quart  and  J'^-gallon  capacities,  and  the 
"Invincible"  in  one  to  four  feeds  with 
capacities  ranging  from  one-quart  to 
one-gallon. 


Invincible' 


LUNKENHEIMER  OIL  AND  GREASE  CUPS 


The  Lunkenheimer  line  of  oil  and  grease  cups  is  undoubtedly  the  largest  and 
most  complete  on  the  market,  and  among  the  great  variety  of  designs  can  readily 
be  found  a  cup  particularly  adapted  to  any  desired  requirement. 

They  are  free  from  complicated  parts,  are  well  made  of  the  best  materials, 
very  neat  in  appearance  and  ai-e  absolutely  reliable.  Lunkenheimer  Oil  and 
Grease  Cups  are  exceptionally  durable  and  very  strong,  particularly  in  the  shank, 
the  jiart  subjected  to  the  greatest  strain.  Jarring  of  the  machinery  to  which  they 
are  attached  will  not  shake  them  to  pieces,  nor  will  the  regulation  of  the  feed  be 
affected. 

On  this  and  the  following  pages  are  illustrated  and  briefly  described  only  a 
few  designs  of  Lunkenheimer  Oil  and  Grease  Cups.  For  a  complete  description 
with  sectional  illustrations  of  the  large  and  complete  line,  send  for  a  copy  of 
our  general  catalogue. 

LUNKENHEIMER  "PIONEER"  OIL  CUPS 

Provided  with  glass  body  and  made  in  eleven  (11)  sizes,  capacities 
from  li  to  34  ounces.    Adapted  for  all  engine  and  machinery  bearings. 

Feed  of  oil  can  be  regulated  to  a  very  fine  degree,  and  means  are  pro- 
vided for  preventing  unsetting  of  feed.  Made  of  the  highest  grade  of 
cast  bronze. 

'Pioneer" 

LUNKENHEIMER  "SENTINEL"  OIL  CUPS 

Have  glass  bodies  and  are  provided  with  large  sight-feeds.  Made  in 
nine  (9)  sizes,  from  ^  to  34  ounce  capacities. 

Regulation  of  the  feed  can  be  finely  adjusted.  By  means  of  the  snap 
lever  at  the  top  of  the  cup,  the  feed  can  be  stopped  or  started  without 
unsetting  the  feed  regulation,  so  that  after  the  cup  is  set  for  a  desired 
feed,  the  regulation  need  never  be  tampered  with. 

The  sight-feeds  are  exceptionally  large  and  the  di'opping  oil  can 
'Sentinel"  clearly  be  seen  from  quite  a  distance. 

LUNKENHEIMER  BRASS  BODY  OIL  CUPS 


With 

Screw 

Cap 


Made  with  Hinged  Lid  in  seven  (7)  sizes,  capacities 
ranging  from  3/10  to  3  5/10  oimces,  or  with  Spring  Lid 
or  Screw  Cap  in  eleven  (11)  sizes,  capacities  from  1/10 
to  6  5/10  ounces. 

Material  used  is  of  the  highest  grade  bronze  com- 
position. The  cups  are  exceptionally  strong  and  guar- 
anteed to  give  perfect  satisfaction. 
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Grease  Cups 


(Continued  from  preceding  pages). 


THE   LUNKENHEIMER  COMPANY 

CINCINNATI,   OHIO 


'Ideal'' 


LUNKENHEIMER  "IDEAL"  AUTOMATIC  GREASE  CUP 

This  cup  i.s  hoavy  in  design,  elegantly  finished  and  made  of 
the  highest  grade  of  bronze  composition.  It  is  of  the  automatic 
compression  type  and  can  be  depended  upon  to  feed  the  quantity 
of  grease  for  which  it  is  set.  The  regulation  of  the  feed  is 
accomplished  by  means  of  a  screw  in  the  shank. 

It  is  intended  for  use  on  engine  crank  pins,  journals,  etc. 
Made  in  seven  (7)  sizes,  for  capacities  from  1/3  to  18  ounces. 


LUNKENHEIMER  "LION"  AUTOMATIC 
GREASE  CUP 

Intended  for  all  kinds  of  machinery  bearings.  Automatically 
feeds  any  quantity  of  grease  desired.  The  grease  reservoir  is  re- 
movable, to  facilitate  the  filling  of  the  cup. 

]\Iade  of  bronze  in  seven  sizes,  capacities  ranging  from  1/3  to 
18  ounces. 


LUNKENHEIMER  SCREW-FEED 
GREASE  CUP 


'MARINE' 


'  Marine ' 


Intended  for  such  purposes  where  grease  is  fed  to  bearings  from 
a  distance.     Of  heavy  design  and  absolutely  reliable. 

Made  of  bronze  in  seven  sizes,  capacities  ranging  from  1/3  to 
IS  ounces. 


Lock' 


LUNKENHEIMER  "LOCK"  GREASE  CUP 

A  screw  compression  cup  with  spring  ratchet  attachment,  to 
prevent  the  cap  from  jarring  off.  Particularly  adapted  to  all 
machinery  subjected  to  excessive  vibration.  Made  of  a  high 
grade  bronze  composition  and  exceptionally  strong  and  durable. 

Can  be  had  in  five  sizes,  for  capacities  ranging  from  1/8  to  2 
ounces. 


Mu,j,gStV>&iiA    LUNKENHEIMER  "TIGER"  PLAIN  BRASS  GREASE  CUP 

This  cup  is  of  the  plain  screw  compression  tj'pe,  equipped  with 

a  spring  lock,  to  prevent  the  cap  from  jarring  off.     They  are  fur- 

1    _    (     "   nished  in  three  styles, — Finished  Brass,  Nickel  Plated  or  Rough. 

^(^^jt^  Made   in   seven  styles,  for    capacities  from  1/8  to  5  ounces. 

^— -^         They  are  guaranteed  to  be  absolutely  reliable  and  made  of  the 

"Tiger"       highest  grade  of  bronze  composition. 
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Steam  Specialties 


PITTSBURGH  VALVE,  FOUNDRY  k 
CONSTRUCTION  CO. 

PITTSBURGH,  PA. 

ENGINEERS,    MANUFACTURERS    AND    ERECTORS 

Designers  and  Builders  of  Valves,  Fittings  and  Appli- 
ances of  Every  Description  for  Steam,  Gas,  Water,  Air 
and  Hydraulic  Piping. 

Designs  and  Estimates  for  special  valves  and  equip- 
ment furnished  upon  receipt  of  specifications. 


Atwood  Horizontal 
Separator 


Outside  Dashpot 
Non  Return  Valve 


48"  Double  Spindle 
Gate  Valve 


120"  Butterfly  Valve 


Hand  Operated  Gate  Valves. 

Electrically  Operated  Gate  Valves. 

Cylinder  Operated  Gate  Valves. 

Quick  Opening  Gate  Valves. 

Globe,  Angle  and  Cross  Valves. 

Check  Valves. 

Butterfly  Valves. 

Critchlow  Operating  Valves. 

Tanner  Operating  Valves. 

Aiken  Operating  Valves. 

Relief  Valves. 

Back  Pressure  Valves. 

Non  Return  Valves. 

Throttle  Valves. 

Transfer  Valves. 

Register  Valves. 

Float  Valves. 

Foot  Valves  with  Strainers. 

Blow  Off  Valves. 

Plug  Valves. 

Hydraulic  Cocks. 

Tuyere  Cocks. 

Hydraulic  Spring  Cushions. 

Gas  Line  Materials. 

Pressure  Regulating  Stations. 

Cast  Iron  Pipe. 

Pipe  Fittings  and  Flanges. 

Pipe  Bends. 

Expansion  Joints. 

Exhaust  Heads. 

Steam  Separators. 

Drip  Pockets. 

Strainers. 
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PITTSBURGH  VALVE,  FOUNDRY 
CONSTRUCTION  CO. 

PITTSBURGH,  PA. 


Valves 


k 


SPECIFICATIONS 
FOR  MATERIAL 


PARALLEL  SEAT 
50  lb.  WORKING 
PRESSURE 
100  lb.  TEST 
PRESSURE 


PARALLEL  SEAT 
1251b.  WORK- 
ING PRESSURE 
soo  lb.  TEST 
PRESSURE 


PARALLEL  SEAT 
200  lb.  WORK- 
ING PRESSURE 
400  lb.  TEST 
PRESSURE 

PARALLEL  SEAT 
400  lb.  WORK- 
ING PRESSURE 
800  lb.  TEST 
PRESSURE 


PARALLEL  SEAT 
500  lb.  WORK- 
ING PRESSURE 
1500  lb.  TEST 
PRESSURE 
PARALLEL  SEAT 
1000  lb.  WORK- 
ING PRESSURE 
1500  lb.  TEST 
PRESSURE 
PARALLEL  SEAT 
15001b.  WORK- 
ING PRESSURE 
2000  lb.  TEST 
PRESSURE 

TAPER  SEAT 
175  lb.  WORK- 
ING PRESSURE 
500  lb.  TEST 
PRESSURE 

TAPER  SEAT 
250  lb.  WORK- 
ING PRESSURE 
800  lb.  TEST 
PRESSURE 

TAPER  SEAT 
1000  lb.  WORK- 
ING PRESSURE 
2000  lb.  TEST 
PRESSURE 

GATE  VALVES 
FOR  ANY 
PRESSURE 


GATE  VALVES 


lb. 


per  sq. 


tensile 


Grey  Iron— 22,000 

strength. 

Semi  Steel — 33,000  lb.  per  sq.  in.  tensile 

strength. 

Sizes  14"  to  72"  cast  iron.  Low  pressure. 
For  water,  gas,  air  or  exhaust  steam. 
Extremely  close  face  to  face,  invaluable 
in  complicated  piping  connections. 
Sizes  2"  to  48"  cast  iron.  Standard  pres- 
sure. For  water,  air,  steam  or  gas.  Fully 
bronze  mounted.  Especially  adapted  to 
water  distribution. 

Sizes  I-2"  to  16"  cast  iron.  Largely  used 
for  natural  gas  under  the  lower  pressures. 
Furnished  either  all  iron  or  iron  body 
bronze  mounted. 

Sizes  3"  to  20"  semi  steel.  In  extensive  use 
for  the  transmission  of  natural  gas.  Fur- 
nished either  with  or  without  bronze 
mountings. 

Sizes  2"  to  12".  For  water  or  oil  at  pres- 
sure noted.  Semi  steel  with  solid  bronze 
mountings. 

Sizes  2"  to  12"  semi  steel.     High  pressure 

gas  valve  used  chiefly  at  the  gas  wells  and 

on  feeders  in  the  gas  fields. 

Sizes  2"  to  10"  semi  steel.     For  hydraulic 

service    and    extreme    natural    gas    rock 

pressures. 

Sizes  2"  to  16"  semi  steel.  A  valve  for 
medium  steam  pressiu-es  from  125  lb.  to 
175  lb.  where  a  less  expensive  valve  than 
the  250  lb.  type  is  desired. 

Sizes  1  J"  to  28".  Made  of  semi  steel  with 
solid  bronze  mountings  for  ordinary  steam 
pressures  or  of  cast  steel  with  monel 
mountings  for  superheat. 

Sizes  2"  to  10".  The  strongest  valve  pos- 
sible to  make  in  its  weight,  all  surfaces 
being  cylindrical  or  spherical  segments. 
Designs  and  quotations  furnished  for 
valves  for  special  conditions  or  higher 
pressures.  Materials  used  are  those  best 
adapted  to  service. 

(See  also  next  page) 
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50  lb.  Parallel  Seat  Gate 
Valve.  Close  Pattern 


8"  500  lb.  Gate  Valve 


1000  lb.  Gas  Line 
Gate  Valve 


1000  lb.  Hydraulic 
Gate  Valve 


Valves 


(Continued  from  preceding  pages) 


PITTSBURCxH  VALVE,  FOUNDRY  k 
CONSTRUCTION  CO 

PITTSBURGH,  PA. 


48"  Motor  Operated 
Gate  Valve 


Group  of  Two  Critchlow 
Nests 


Tanner  Valve  with  Actuating 
Cylinder 


30"  Gate  Valve  Operated  by 
Air  Cylinder 

Any  of  the  foregoing  gate  valves  may  be 
equipped  with  operating  cylinders  for  any  service 
or  pressure,  or  motors  for  either  direct  or  alter- 
nating current. 

The  following  types  of  operating  valves  are  ex- 
tensively used  for  the  control  of  motion  of  hydraulic 
cylinders,  either  single  or  double  acting. 

The  CRITCHLOW  VALVE  is  the  simplest  form 
of  hydraulic  three  or  four  way  piston  valve  and  has 
no  superior  for  working  jjrcssures  up  to  500  pounds. 
It  is  durable  and  easy  to  repack.  The  CRITCH- 
LOW NEST  furnishes  a  means  of  grouping  these 
valves  which  yields  a  great  saving  in  i:)ipe,  fittings, 
manifolds  and  space,  where  a  number  of  cylinders 
are  to  be  operated  from  one  pulpit. 

The  TANNER  VALVE  is  more  satisfactory  than 
the  Critchlow  on  high  i)ressures.  It  is  of  the  cup- 
]iacked  piston  type,  so  designed  that  the  fluid  forces 
the  packing  away  from  the  ports  instead  of  into 
them,  prolonging  the  life  of  the  packing  and  making 
operation  easy.  The  arrangement  of  supply  and 
waste  ports  facilitates  attaching  to  manifolds. 
Larger  sizes  can  be  fiu'nished  with  actuating  cylin- 
der permitting  remote  control  by  means  of  a  pilot 
valve. 

The  AIKEN  VALVE  has  given  complete  satis- 
faction to  a  large  number  of  users  for  many  years. 
The  designs  and  patterns  for  this  valve  have  been 
purchased  from  the  inventor,  Henry  Aiken,  M.E., 
and  valves  can  be  made  to  meet  any  require- 
ments. 


Special  facilities  for  casting  and  machining 
large  pipe  and  fittings  as  well  as  all  classes 
of  work  such  as  furnace  castings,  general 
castings,  etc. 


60"  X  42"  X  42"  X  42"  Special 
Cross  with  30"  Side  Outlet 
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Piping 


PITTSBURGH  VALVE,  FOUNDRY  & 
CONSTRUCTION  CO. 

PITTSBURGH,  PA. 


PIPING  SYSTEMS 

For  all  Pressures  and  Purposes, 

Designed,  Manufactured 

and  Installed 

Pipe  Bending  Pipe  Cutting 

Pipe  Fitting 

Estimates  furnished  on  receipt 
of  specifications 


20"  Expansion  Bend — Radius  16  Ft. 

This  bend  contains  38  ft.  of  pipe  and  was  made 

of  two  lengths  joined  in  the  arc  by 

the  Atwood  Line  Weld 


The  Atwood  Line  Weld 
Patented 


THE  ATWOOD  LINE  WELD 

This  method  of  joining  the  abutting  ends  of 
wrought  pipe  allows  th«  fabrication  of  pipes 
into  lengths  as  long  as  can  be  handled  for  ship- 
ment with  consequent  rcdu-c-tion  by  about  50 
])or  cent  of  the  number  of  flanged  joints  in  the 
line. 


The.Interlock  Welded  Neck 
Patented 


INTERLOCK  WELDED  NECKS 

This  method  of  connecting  branch  lines  of 
wrought  pipe  to  mains  of  the  same  material  was 
developed  in  response  to  the  demand  of  steam 
users  for  a  structure  containing  the  minimum 
number  of  joints.  Every  branch  so  connected 
eliminates  a  cast  fitting  with  its  attendant  joints, 
gaskets  and  bolts  and  liability  to  trouble  there- 
from. 

FLANGED  JOINTS 

Atwood,  Screwed,  Shrunk,  Expanded  and 
Welded. 


The  Atwood  Joint 
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Valves 


THE  PRATT  AND  CADY  COMPANY 


HARTFORD,  CONN. 
VALVES  FOR  ALL  PURPOSES 


PlfWBIi 
wm~ 


GATE  VAXVES 

With  renewable  seat  rings,  held  in  place  by  a 
retaining  ring  that  is  easily  removed. 

Screw  Hub,  Stationary  Spindle,  Retaining  Ring 
Construction. 

The  seat  rings  are  independent  rings  of  bronze, 
or  any  special  metal  or  material  best  adapted  for  the 
service  in  which  the  valve  is  to  be  used.  The  gate  is 
a  double  faced,  wedge  shaped  casting,  with  side 
grooves  by  means  of  which  it  slides  on  guides  in 
the  valve  body. 

Great  pains  are  taken  in  the  machining  of  all 
parts  of  these  gate  valves.  Gauges  are  used  on 
each  part  to  insure  their  accuracy  and  interchange- 
ability. 

The  guides  in  our  bodies  are  of  equal  thickness, 
and  the  wedge  can  be  taken  out  of  the  valve  and 
replaced  with  the  opposite  faces  in  contact,  and 
will  give  an  accurate  fit.  The  importance  of  this  in 
making  repairs  is  obvious.  These  valves  being 
double  seated,  can  be  used  with  the  pressure  applied 
at  either  end. 


REGRINDING  SWING  CHECK  VALVE?' 
Brass  and  Iron 

All  styles  for  all  pressures,  sizes  up  to  48  inches. 

The  Design  combines  pressure  resistance  with 
easy  flow  lines.  Material  (of  brass  valves)  is 
J^0%  pure  copper.  We  use  no  scrap  in  their 
])roduction.  Workmanshiip  —  'Ea,(ih  valve  is  in- 
dividually tested  to  the  pressure  stated  in  catalog. 
All  seats  are  carefully  ground.  Assembling  is  done 
l)y  our  most  careful  hands.  The  Interior  Conslruc- 
lion  permits  the  replacement  of  any  working  part 
without  removing  valve  from  line.  For  Regrinding 
no  tool  is  necessary  but  a  wrench  and  brace  and  bit. 


ASBESTOS-PACKED  COCKS 

The  dovetailed  U-shaped  grooves  in  the  body  are 
packed  with  prepared  asbestos.  An  asbestos  ring 
is  used  on  the  shoulder  of  the  plug  for  top  packing. 

The  plug  is  of  standard  taper  carefully  finished 
and  barffed  to  render  it  rustless.  It  has  no 
metallic  bearing,  coming  in  contact  only  with 
asbestos,  the  elasticity  of  which  compensates  for 
the  differential  expansion  and  contraction  of  the 
plug  and  body.  The  gland  admits  of  adjustment 
by  means  of  its  bolts. 

These  cocks  give  exceedingly  satisfactory  results 
as  a  boiler  blow-off  and  a  water  column  blow-ofT, 
between  check  and  boiler,  between  water  column 
and  boiler,  and  they  do  work  where  ground  plug 
cocks  are  unsatisfactory  and  where  Globe,  Angle  or 
Gate  Valves  fail. 
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Valves 


THE  PRATT  AND  CADY  COMPANY 


HARTFORD,  CONN. 
VALVES   FOR  ALL  PURPOSES 


ASBESTOS  DISC  VALVES 

The  Stuffing  Box  Gland  is  long,  heavy  and  well 
fitted. 

The  Spindle  Collar,  and  its  point  of  contact  with  the 
bonnet,  have  specially  smooth  surfaces  and  make  a 
steam-tight  joint  when  valve  is  fully  open. 

The  Disc  Holder  is  guided  by  four  splines  in  the 
body,  assuring  perfect  alignment  at  all  times.  The 
Disc  Holder  is  of  the  horseshoe  type,  and  can  be  re- 
moved and  replaced,  the  only  tool  necessary  therefor 
being  a  wrench  to  unscrew  the  bonnet. 

The  Seat  is  spherical,  thus  preventing  the  settling 
thereon  of  any  substance  that  might  hold  the  dihc 
from  going  squarely  to  its  place.  The  metal  used  in  the 
construction  of  these  valves  is  approximately  86% 
pure  copper.  We  use  no  scrap  whatever  in  the  con- 
struction. 

The  Valve  complete  is  finished  with  the  utmost  care. 
When  so  ordered,  these  valves  can  be  made  with  solid 
brass  disc,  or  with  brass  disc  holder  filled  with  special 
metal,  at  additional  price. 

CAST  STEEL  GATE  VALVES  FOR  SUPER- 
HEATED STEAM 

All  Valves  23^"  and  larger  are  equipped  with  Cast 
Steel  Bodies,  Bonnets  and  Wedges. 

The  Seats  and  Faces  of  the  Wedges  are  made  of 
Xickel,  securely  fastened  in  place  so  that  they  will  be 
unable  to  work  loose. 

Stems  are  Nickel  Steel. 

All  Bolt  Holes  are  Spot  Faced. 

Bonnet  .Joint  is  packed  with  the  best  grudo  of  Super- 
heat Packing. 

The  End  Flanges  have  xe"  Raised  Faces,  extending 
full  width  inside  of  Bolt  Holes,  with  smooth  finish. 

All  Bolts  have  Hexagon  Heads  and  Nuts,  with  the 
under  side  of  same  semi-finished. 

The  Discs  are  of  the  Wedge  Pattern. 

Stuffing  Box  is  made  with  Hinge  Bolts,  very  deep 
for  square  Packing. 

Yoke  is  bolted  to  the  Bonnet. 

All  tested  to  a  hydrostatic  pressure  of  800  lbs. 


COMPRESSION  TYPE  HYDRANTS 

Without  Intricacy   of  Construction. 

Complete  catalog  of  all  Pratt  and  Cady  products 
on  request. 


\y.) 


Vak 


}es 


GOLDEN-ANDERSON   VALVE 
SPECIALTY  CO. 

1218  FULTON  BLDG.  PITTSBURGH,  PA. 

STEAM  AND  WATER  SPECIALTIES 


Triple  Non-Return  Valve 


Controlling  Altitude  Valve 


Float  Valve — angle  or  straight- vi-ay 


AUTOMATIC     DOUBLE-CUSHIONED     TRIPLE- 
ACTING  NON-RETURN  VALVES 

(Angle  or  Globe) 

"Works  Both  Ways;"  automatically  protects  the 
boilers  and  steam  lines. 

Thoy  will  prevent  one. boiler  working  at  a  lower 
pressure  than  another;  also  should  a  tube  burst,  they 
will  instantly  shut  off  the  flow  of  steam  from  the  other 
boilers  into  the  injured  boiler. 

The  Automatic  Safety  Stop  Feature  protects  life 
and  property  in  case  a  break  or  rupture  occurs  in  the 
main  steam  line  or  branches.  The  valves  will  auto- 
matically cut  off  the  flow  of  steam  from  the  boilers 
until  the  break  is  repaired. 

1128  of  these  were  ordered  by  the  U.  S.  Steel  Corp. 
for  the  protection  of  their  power  plants.     . 

Made  in  sizes  2  inches  to  24  inches. 

THE  CONTROLLING  ALTITUDE  VALVES 

These  are  intended  for  automatically  maintaining 
uniform  stage  of  watc^r  in  tanks,  standpipes  or  reser- 
voirs and  do  away  with  the  annoyance  of  floats  or 
fixtin-es.  They  are  especially  adapted  for  water 
works  and  railroads. 

These  valves  can  be  used  with  either  high  or  low 
pressures  and  may  be  closed  automatically  by  water, 
by  electricity  or  by  hand. 

In  addition  to  the  type  illustrated  we  build  valves 
with  electrical  attachments  that  can  be  quickly 
closed  by  means  of  a  direct  or  alternating  ciu-rent. 
The  solenoids  are  attached  directly  to  the  valves  and 
wired  up  to  switch  at  pumping  station  or  switches  at 
various  locations,  thus  permitting  instant  operation. 

Altitude  Valves  are  made  in  either  the  angle  or 
globe  pattern,  in  the  following  sizes:  3,  4,  6,  8,  10,  12, 
14,  16,  18,  20  and  24  inches. 

AUTOMATIC  FLOAT  VALVES 

The  Pat.  Automatic  Angle  and  Straightway 
Float  Valves  are  also  intended  for  controlling 
water  levels  in  tanks,  standpipes  or  reservoirs. 
They  can  be  instantly  adjusted  to  operate  quick- 
ly or  slowly. 

When  in  operation,  the  water  comes  in  under 
the  valve  or  piston,  also  through  port  on  top  of 
valve.  Owing  to  the  greater  area  above  the  valve 
it  is  held  closed.  When  lever  is  operated  by  float 
the  auxiliary  valve  closes  the  inlet  port  and 
opens  exhaust  port. 

Owing  to  the  pressure  on  top  of  the  valve 
being  removed,  the  pressure  under  valve  forces 
it  open.  The  water  above  the  valve  acts  as  a 
cushion  in  opening,  and  as  the  valve  travels 
upwards  it  draws  in  air  through  ports  in  the 
side  of  the  body  to  cushion  the  valve  when 
closing.  Made  in  the  following  sizes,  for  either 
high  or  low  pressures:  1,  IM)  13  2,  2,  2^2)  3,  4, 
5,    6,   8,    10,    12,   14,    16,   18,  20  and  24  inches. 
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Pipe   Coven  lias 


A.  WYCKOFF  &  SON  CO. 

ELMIRA,  NEW  YORK 

MANUFACTURERS  OF  WYCKOFF'S  IMPROVED   STEAM   CASING   FOR 
UNDERGROUND  OR  EXPOSED  STEAM  LINES. 


A — 2  Inch  Thick  Inner  Shell. 
C — Dead  Air  Space. 


B^Asphaltum  Packing. 

D — I  Inch  Thick  Outer  Shell. 


WYCKOFF'S  IMPROVED  CYPRESS  STEAM  CASING.      MADE  OF  GULF 
CYPRESS,  THE  WOOD  ETERNAL. 


Gulf  Cypress  is  used  instead  of  Pine  or  Tamarack  because  Gulf  Cypress  is 
the  only  known  wood  not  affected  by  Wet  or  Dry  Conditions.  The  outer  shell 
is  one  inch  thick,  the  inner  shell  two  inches  and  the  dead  air  space  34  inch, 
making  the  total  thickness  of  the  casing  31  inches.  These  improvements  will 
more  than  double  the  life  of  former  Wyckoff  casings.  The  asphaltum  packing 
and  the  driven  joint  makes  the  casing  absolutely  w.aterproof.  This  pipe  casing 
is  the  ONLY  ONE  on  the  market  with 


M"  DEAD  AIR  SPACE  BETWEEN  THE  SHELLS. 

This  dead  air  space  between  the  shells  has  been  increased  50  per  cent  over  the 
former  Wyckoff  casing. 

Pittsburgh  Office,  Pittsburgh  Terminal  Wareliouse 

Send  for  our  booklet  to-day — it  tells  you  all  (thoiit  these  uiiprovements. 
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Oiling  Systems 


S.  F.  BOWSER  cV  COMPANY,  Inc. 

Established  1885 
HOME  PLANT  and  GENERAL  OFFICES,  BOX  2167,  P^ORT  WAYNE,  IND. 

BRANCHES 


U.  S.  A. 
Albany  Atlanta  Chicago 

Dallas  Denver  Harrisburg 

Minneapolis        New  York        St.  Louis 
San  Francisco 


FOREIGN 
London  Paris 

Johannesburg  Buenos  Aires 

Porto  Rico  Mexico  City 

Toronto  Havana 


Sales  offices  in  all  Centers  and  Representatives  Everywhere 
OIL  SYSTEM  ENGINEERS,  PATENTEES  AND  MANUFACTURERS 


Registering  Measure 


Oil  System  Engineers,  Original  Patentees  and  Manufacturers  of: 

Oil  Storage  and  Distributing  Systems. 

Self-Measuring  Hand  and  Power  Driven 
Pumps. 

Underground  Storage  and  Distributing 
Systems. 

Large  Tankage. 

Automobile  Filling  Stations. 

Dry  Cleaner's  Systems. 

Self-Registering  Pipe  Line  Measures. 

Oil  and  Gasolene  Storage  and  Distributing 
Outfits  for  Public  and  Private  Garages. 

Oil  Filtering  and  Circulating  Systems. 

The  Bowser  line  covers  every  requirement 
of  the  factory  and  railroad  for  oil  storage 
equipment. 

Our  corps  of  mechanical  and  drafting 
engineers  is  at  the  command  of  those  interested 
in  this  line. 

Bulletins  giving  complete  detailed  de- 
scription of  any  line  will  be  furnished  upon 
application  and  without  obligation.  \^'e  have 
a  fund  of  information  on  oil  storage  and  allied 
lines  that  will  assist  in  making  up  specifica- 
tion for  this  work.    Let  us  submit  it. 

Our  catalogue  illustrates  and  describes 
the  line  in  a  limited  way  and  shows  a  large 
number  of  installations  in  widely  diversified 
fields. 
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Oil  Filtering  System 


A  Representative  Oil  House 


huhricators 

GREENE,  TWEED  k  CO. 

109  DUANE  STREET,  NEW  YORK 

MANUFACTURERS    OF    THE   ROCHESTER   AUTOMATIC   LUBRICATOR 


Vacuum  and  Check  Valve 


The  Lubricator,  in  the  manufacture  of  which  no  expense  has  been  spared, 
efficiency  and  high  quahty  being  our  aim  rather  than  low  prices. 

For  the  hibrication  of  the  cylinders  of  all  types  of  steam  engines  and  pumps 
as  well  as  air  and  ammonia  compressors. 

Made  in  all  sizes  from  one-half  pint  to  two,  gallon  and  with  any  number  of 
feeds  from  one  to  eight.  Also  made  with  two  compartments,  for  use  where 
different  kinds  of  oil  are  used  in  the  different  cylinders  of  the  same  machine, 
such  as  air  compressors,  ice  machines,  etc. 

Finish-all  sizes  above  one-half  pint  fully  nickel-plated,  one-half  pint  size, 
japanned  body. 

Working  parts  are  made  of  steel,  and  all  bearings  are  case  hardened. 

All  the  mechanism  can  be  instantly  detached  and  removed,  giving  easy  access 
to  the  working  parts  for  cleaning,  repairing,  etc.,  without  disturbing  the  bowl 
or  reservoir  attached  to  the  engine. 

Equipped  with  Multiplus  Sight  Feeds,  and  vacuum  and  check  valves. 

Each  feed  is  regulated  independently. 

Not  affected  by  temperature,  pressure  or  vacuum. 


Single  Feed  Double  Feed 

"PERFECT  FORCE  FEED   LUBRICATION' 


103 


Lubricators 


HILLS-McCANNA  COMPANY 

153  WEST  KINZIE  ST.,  CHICAGO,  ILL. 

AGENTS: 

Hall  Manufacturing  Co.,  94  John  St.,  New  York  City. 

Chas.  a.  Claflin  Co.,  60  High  St.,  Boston,  Mass. 

James  D.  Scruggs,  Southern  Representative,  22  Twentieth  St.,  Birmingham,  Ala. 

STEAM  SPECIALTIES,  FORCE  FEED  LUBRICATING[PUMPS.  HIGH  PRESSURE  GAGE 
COCKS,  SWINGfjOINTS  FOR  BEARINGS.  LOW  WATER  ALARMS,  METALLIC  DISCS 
FOR  VALVES 


FORCE-FEED  LUBRICATING 
OIL  PUMPS 

Our  Oil  Pumps  have  received  the 
test  of  long  u.se  and  varied  applications, 
and  have  given  thoroughly  successful 
results. 

The  valves  and  operating  motion  are 
entirely  outside  of  the  Reservoir,  and 
have  a  positive  sightfeed,  which  can 
be  regulated  to  any  desired  feed  with- 
out stopping  the  pump. 

Our  pumps  are  made  from  one  to 
any  desired  number  of  feeds. 


Single  Oil  Pump  with  Glass  Holder 
One  Pint  and  One  Quart  sizes  only 


UO-x 


^1%^® 


if? 


Triple  Oil  Pump,  as  made  from  One  to  any 
number  of  feeds 


APPLICATIONS 

Hills-McCanna  Force  Feed 
Lubricating  Pumps  are  illus- 
trated in  our  catalog  in  suc- 
cessful service  on 

Elevator  Pumps 
Boiler  Feed  Pumps 
Four-Valve  Engines 
High  Speed  Engines 
Mine  Motor  Engines 
Gas  Engines 
Stean?  Shovels 
Steam  Hammers 

Price  list  and  further  in- 
formation on  request. 
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Lubricants 


THE   TEXAS  COMPANY 

NEW  YORK  AND  HOUSTON 


MANUFACTURERS  OF  LUBRICATING  OILS,  ENGINE  AND  MACHINE  OILS  AND 
GREASES.  LUBRICATING  OILS  PREPARED  ESPECIALLY  FOR  USE  OF  TURBINES, 
GRAVITY-FEED  AND  FORCE-FEED  SYSTEMS  UNDER  ALL  CONDITIONS. 


In  the  modern  power  plant  the  question  of  lubrication  is  one  of  vital  import- 
ance. It  is  a  question  which,  affecting  as  it  does  the  general  efficiency  of  the  entire 
plant,  cannot  be  decided  off-hand. 

Before  an  entirely  satisfactory  solution  is  reached  great  care  and  study  are 
required  on  both  the  part  of  the  consumer  and  the  manufacturer.  The  con- 
sumer must  be  careful  to  the  utmost  in  his  selection  and  employment  of  an  oil. 
The  manufacturer  must  devote  himself  to  the  study  of  conditions  and  methods 
of  lubrication  to  be  in  a  position  to  meet  consumer  requirements. 

This  last  represents  the  part  played  by  The  Texas  Company  in  the  field  of 
lubrication.  A  careful  consideration  of  consumer  requirements  combined  with 
our  extraordinary  facihties — a  high  class  organization  and  excellent  crudes  to 
work  with — has  placed  The  Texas  Company  in  a  position  to  furnish  lubricating 
oils  that  display  high  efficiency  in  checking  friction  and  promoting  economic 
operation. 

In  the  larger  plants  lubrication  is  a  problem  carrying  extra  gravity,  due  to 
the  severer  conditions  of  work  and  it  is  here  that  the  value  of  TEXACO 
LUBRICANTS  is  most  forcibly  demonstrated. 

TEXACO  LUBRICANTS  are  pecuharly  fitted  to  meet  severe  conditions. 
They  lubricate  perfectly,  separate  readily  from  any  water  that  may  get  into  the 
oil  through  leakage  and  they  stand  up  well  under  severe  work,  maintaining  as  high 
lubricating  properties  after  a  thousand  hours  as  shown  when  the  oil  was  new. 

Another  very  essential  feature  that  contributes  to  the  general  excellence  of 
TEXACO  LUBRICANTS  is  their  low  cold  test.  This  is  especially  important 
in  large  stations  where  the  oil  is  pumped  from  a  central  filtering  plant  to  the 
engine.  It  will  eliminate  the  shutting  down  of  the  station  in  cold  weather  on 
account  of  the  oil  having  congealed. 

The  TEXACO  OILS  for  general,  rolling-mill  and  manufacturing  plant  lubri- 
cation are  of  such  a  nature  that  great  economy  will  result  in  their  use.  Every 
requirement  of  lubrication,  whether  power  economy,  general  plant  economy,  or 
cost  can  be  met  by  TEXACO  LUBRICANTS. 

We  '".ublish  a  quarterly — "Lubrication."  It  ought  to  contain  something  of 
interest  to  you.     It's  yours  for  the  asking. 

Address  Department  M.  E. 

17  Battery  Place,  N.  Y.  City. 

THE  TEXAS  COMPANY. 
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Steel  Pulleys 


THE  AMERICAN  PULLEY  COMPANY 

4200  WISSAHICKON  AVE.,  PHILADELPHIA 


203  LAFAYETTE  ST. 
NEW  YORK 


165  PEARL  STREET        124  S.  CLINTON  ST. 
BOSTON  CHICAGO 


MANUFACTURERS  OF  "AMERICAN" 
STEEL  SPLIT  PULLEYS 

Although  so  Hght,  "American"  steel 
pulleys  are  the  strongest  and  the  best  for 
belt  holding.  This  has  been  determined  by 
thorough  tests. 

Each  new  size  or  style  of  "American" 
pulley  must  undergo  a  trial  in  our  testing 
room,  much  more  severe  than  it  could  meet 
under  ordinary  working  conditions. 

"American"  pulleys  are  compared,  in 
our  tests,  with  corresponding  sizes  of  other 
makes.  If  the  "American"  does  not  show 
up  hetter  than  the  others,  it  is  not  good 
enough  and  the  model  must  be  improved. 

These  tests  have  proved  conclusively  that 
"American"  pulleys  will  stand  up  under  a 
greater  strain  than  other  pulleys  having 
much  more  weight. 

"American"  pulleys  may  be  installed 
without  stripping  the  shaft.  Interchange- 
able bushings  provided  with  a  special  inter- 
locking device,  give  them  an  immovable 
grip  on  different  sizes  of  shafting,  thus 
ehminating  any  necessity  for  key-way  or 
set  screw. 

The  present  day  "American"  pulley  is  an 
improved  form  of  the  original  "American," 
the  first  successful  pulley  to  be  made  of 
steel,  and  which  embraced  so  many  basic 
principles  of  correct  steel  pulley  construc- 
tion, that  other  steel  pulley  makers  have 
been  unable  to  approach  it  for  simplicity 
and  correctness  of  design. 

Every  "American"  steel  split  pulley  is 
guaranteed  to  perform  double  belt  duty 
under  any  conditions  not  requiring  a  special 
pulley. 

Instructive  printed  matter^  mailed  on  re- 
quest. 


(Patented; 

3",  4"  AND  5"  DIAMETERS 

Note  the  sturdy  construction.  These 
small  pulleys  are  as  perfect  in  their  way 
as  larger  "American"  pulleys.  No  more 
can  be  said. 


(Patented) 

INTERMEDIATE  SIZES 

Provided  with  grooved  air  escape.  Six 
flat  "A"-braced  arms  (edge  on)  give 
great  rigidity  and  least  air  resistance. 
Riveting  the  ends  of  the  arms  to  inner 
flange  means  a  round  pulley,  strong 
where  strcnfjrth  is  iii  >  'I'  'I 


(P  iteiitedi 

44"  TO  6o"  DIAMETERS 

Grooved  air  escape.  The  hub  shell  i.s 
solidly  riveted  to  half  an  annular  hub 
riut;  of  angle  section.  Eight  arms,  bifur- 
cated at  the  base,  are  riveted  through  lap- 
ping bifurcations  to  an  annular  hub  ring. 
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Metallic  Packings 


THE  METALLIC  PACKING  &  MFG.  CO. 

L.  H.  MARTELL,  Mechanical  Engineer  &  Gen'l  Manager 

ELYRIA,  OHIO 

MAKERS  OF  MARTELL  PACKINGS 


MARTELL  METAL  PACKINGS 

Martell  Metal  Packings  embody  the  results  of  more  than  twenty  years  spent 
in  design,  manufactm-e,  sale  and  use  of  all  kinds  of  packings.  They  are  made  to 
meet  all  conditions  and  are  in  successful  use  in  connection  with  steam,  gas, 
water,  oil  and  chemicals  of  various  kinds. 


For  steam  piston  rods  in  ordinary  size  and  service 


For  Corliss  valve  stems 


The  wearing  rings  are  made  of  cast  iron  or  bronze  for  piston  rods  and  of  red 
metal  or  high  grade  babbitt  for  the  valve  stems,  all  permanent  parts  being  rigid 
and  substantial.  The  illustrations  herewith  show  two  (2)  of  the  most  simple  of 
our  numerous  designs.  Packings  are  placed  as  conditions  seem  to  warrant, 
accessibility  being  kept  in  mind  at  all  times. 

These  Packings  are  made  for  rods  or  stems  from  5^  to  18  inches  in  diameter, 
and  for  plungers  up  to  36  inches;  they  are  entirely  self  contained,  and  so  simple 
that  no  special  skill  or  experience  is  required  to  install.  Both  piston  rod  and 
valve  stem  Packings  float  freely  and  easily  with  any  side  motion  of  the  rod  or 
stem.  Packing  rings  for  Corliss  stems  are  contained  in  permanent  part,  all  of 
which  revolves  with  stem. 

We  also  manufacture  the  Horton  Gas  Engine  Packing,  designed  and  patented 
by  Mr.  James  Horton,  Efficiency  Engineer  of  the  Homestead  Works  of  the 
Carnegie  Steel  Company,  Pittsburg,  Pa.;  Twentieth  Century  Metal  Packing 
Rings;  Martell  IMetal  Hydraulic  Packing  for  outside  center  packed  pumps; 
Martell  Metal  Hydraulic  Packing  for  step  bearing  pumps,  and  Martell  Loco- 
motive Packing.  The  latter  holds  the  mileage  record  on  Engines  using  super- 
heated steam. 

All  Packings  are  strictly  guaranteed  and  will  be  placed  on  approval. 
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Thermometers,  Gauges,  etc. 


"Crescent" 
Thermometer 


THE  SCHAEFFER  k  BUDENBERG 
MFG.  CO. 

BROOKLYN-NEW  YORK 

CHICAGO  WASHINGTON  PITTSBURGH 

INSTRUMENTS    FOR    MEASURING,    INDICATING,    AND    RECORDING, 
TEMPERATURE,  PRESSURE,  AND  SPEED 

"CRESCENT"  THERMOMETERS 

We  are  pioneers  in  the  manufacture  of  industrial  Tlier- 
mometers  of  every  description.  Among  our  line  of  high  grade 
"Crescent"  Thermometers  will  be  found  an  instrument  for 
practically  every  purpose,  and  our  catalog  No.  27  illustrates 
over  seventy  types.  Handsome  in  appearance,  faultless  ma- 
terial and  perfect  in   mechanical  detail   and  construction. 

Specify  size  of  scale  case  desired,  graduation,  character  and 
size  of  connection,   character   and   length    of    stem,   and  the 
purpose  for  which  the  thermometer  is  to  be  used. 
"REFORM"  THERMOMETERS 
A  dial  face,  mercury  filled,  indicating  thermometer  having 
the  accuracy  of  the  standard  glass  tube  thermometer  and 
the  conveniences  of  a  dial  face  instrument.    Entu'e  working 
mechanism  is  made  of  steel,  meaning  long  life.     Standard 
_         size  of  dial  6  inches.    Other  sizes  made  to  order.    Furnished 
'Reform^hermometer  with  either  rigid  connection  or  flexible  capillary  steel  tube 
connection.    The  latter  greatly  facilitates  installation.    State 
the  graduation  desired,  character  and  length  of  connection,  and 
the  purpose  for  which  the  thermometer  is  to  be  used. 

"COLUMBIA"  RECORDING  THERMOMETERS 

Acknowledged  to  be  the  most  simple,  yet  the  most  reliable 
type  of  Recording  Thermometer.  Mercury  actuated,  therefore 
absolutely  accurate.  Steel  construction  throughout  combining 
•'Columbia"  Record-  extreme  strength  and  durability  with  accuracy.  Uniformly 
ing  Thermometer  graduated,  wide  and  effective  ranged  charts  with  the  popular 
day  and  night  border,  made  in  two  sizes,  8"  and  12"  respectively, 
for  24  hours  or  7  days.  Furnished  with  either  rigid  connection 
or  flexible  steel  protected  steel  capillary  connecting  tubing  of 
any  length. 

State  size  of  chart  and  graduation,  length  and  character  of 
connection  and  the  purpose  for  which  the  recorder  is  to  be  used. 

THE  COLUMBIA  RECORDING  GAUGE 

The  "Gem"  of  Recording  Gauges.  Its  chief  feature  is  its  great  reliability, 
then  comes  its  wonderful  durability.  Thousands  in  daily  use.  Adapted  for 
any  purpose.  In  portable  and  stationary  types,  for  8"  and  12"  day  and  night 
charts  respectively,  making  one  revolution  in  24  hours  or  7  days  as  desired. 

State  size  of  chart  and  graduations,  and  the  purpose  for  which  the  Recorder 
is  to  be  used. 

TACHOMETERS 

We  have  a  most  complete  line  of  Hand  and  Stationary  Tachometers,  and 
wo  have  recently  added  many  new  styles  and  types,  covering  absolutely 
every  requirement  met  with  in.  practice.  Constructed  on  the  most  modern 
principles,  accuracy  guaranteed,  compact  and  durable  in  construction,  per- 
fect in  mechanical  detail  and  handsomt.  in  appearance. 

State  desired  graduations  and  if  Stationary  type  of  Tachometer  is  wanted, 
the  diameter  and  the  normal  speed  of  the  shaft  you  will  drive  from. 

CALORIMETERS 

We  manufacture  Professor  Carpenter's  pattern  Calorimeters  for 

Steam  and  Coal.    The  throttling  type  of  Steam  Calorimeter  serves 

ii>r  determining  the  amount  of  moisture  contained  in  saturated  or 

superheated  steam,  while   the  Separating   type  is  designed    to 

show    the    percentage    of    water  by   mechanical  separation  of 

the   water  from  the  steam.    The  Coal  Calorimeter  is   of  great 

\  alue  in  Power  Plants  as  it  determines  the  calorific  power  of   coal 

almost  directly  in  B.  T.  U. 

S.  &  B.  Calorimeters  are  easily  operated,  requiring  no  special 
technical  knowledge,  and  results  are  most  satisfactory  for  practical 
problems. 
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The  Columbia 
Recording  Gauge 


Calorimeter 


Thermometers  and  Controllers 


C.  J.  TAGLIABUE  MFG.  CO. 

18  to  88  THIRTY-THIRD  ST.,  BROOKLYN,  N.  Y. 

Manufacturers  of 
INSTRUMENTS  FOR  INDICATING,  RECORDING   AND    CONTROLLING  TEMPERATURE 

AND  PRESSURE. 


MERCURIAL  THERMOMETERS 

Hohmann-type,  as  well  as  types  of  lower  quality,  in  various 
sizes,  forms  and  scale-ranges  as  required  for  the  particular  ap- 
plications to 

Stationary  Power  Plants 

Marine  Power  Plants 

Refrigeration  Systems 

Water  Cooling  and  Distillation 

Ventilating  and  Heating,  etc. 

AUTOMATIC  CONTROLLERS 

Of  several  types  and  various  forms,  according  to  require- 
ments, for  automatically  maintaining — at  exact  point  desired — 
cither  temperature  or  pressure  when  appUed  to 


Condensers 
Feed  Water  Heaters 
Hot  Water  Service  Tanks 
Stoker  and  Blower  Systems 


Forced  and  Induced  Draft 

Systems 
Water  Purification 
Condensing  Systems,  etc. 


Also  for  automatically  maintaining  a  constant  Water  Level 
in  Steam  Boilers. 

GAGES 

Mercurial,  Water  and  Oil,  of  various  types,  for  Vacuum  and 
Pressure. 


Hohmann-type 
Thermometer 


OIL  TESTING  INSTRUMENTS 

Hydrometers,  Viscosimeters,  Flash 
and  Burning  Point  Testers,  Freezers, 
Gage  and  Wantage  Rods,  etc. 


MISCELLANEOUS 

Engineers'  Testing  Sets,  Pyrom- 
eters, Barometers,  Hygrometers,  Hy- 
drometers, Orsatt  Apparatus,  etc. 


"Perfect"  Type  Automatic  Temperature  Controller 
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A    NEW  ENGINEERING    GRADE 

To  provide  for  an  increasing  number  of  engineers  who 
attain  positions  of  authority  earher  than  is  prescribed  in 
the  requirements  for  Members,  the  Constitution  has  been 
amended,  for  the  estabhshment  of  a  new  grade,  that  of 
Associate  Member,  intermediate  between  Junior  and 
Member.  This  will  permit  men  of  attainment  to  join 
immediately  who  otherwise  would  not,  preferring  to  wait 
till  they  could  secure  Member's  grade,  with  the  chances 
of  not  following  their  intentions  as  early  as  they  ought 
and  thus  losing  contact  with  the  profession,  and  the  pub- 
lications and  the  acquaintanceship  of  the  Society. 

Juniors  are  able  to  secure  recognition  of  progress  in  the 
profession  earlier  than  they  otherwise  would. 

This  is  a  professional  and  engineering  grade  and  the 
requirements  are  as  follows: 

An  ASSOCIATE-MEMBER  shall  he  an  Engineer  or  a  Teacher  of 
Applied  Science  of  twenty-five  years  of  age  or  over.  He  must  show 
l)y  his  experience  or  by  his  duties  that  he  is  competent  to  execute 
work  in  his  profession. 

To  obtain  promotion  to  a  higher  grade  application 
should  be  made  in  the  same  manner  as  for  admission, 
forms  for  which  will  be  supplied  by  the  Secretary  or 
upon  request  of  any  of  the  Committee. 

The  old  Associate  grade  is  intended  for  non-technical 
men-of -affairs,  presidents  and  employees  of  engineers. 

An  ASSOCIATE  shall  be  thirty  years  of  age  or  over.  He  need 
not  he  an  engineer,  but  must  have  been  so  connected  with  some 
branch  of  Engineering  or  science,  or  the  arts,  or  industries,  that  the 
Council  will  consider  him  qualified  to  cooperate  with  Engineers  in 
the  advancement  of  professional  knowledge. 


MONTHLY  ELECTIONS 

Another  of  the  amendments  just  adopted  provides  for 
election  of  candidates  at  the  regular  monthly  meetings 
of  the  Council  instead  of  semi-annually  as  formerly. 
The  new  method  will  materially  reduce  the  time  required 
for  action  on  applications  for  membership. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

« 
I.  E.  MouLTROP,  Chairman 

H.  V.  O.  Goes  R.  M.  Dixon  E.  B.  Katte 

F.  H.  CoLViN  W.  R.  Dunn  R.  B.  Sheridan 

J.  V.  V.  CoLWELL  J.  P.  Ilsley  H.  Struckmann 

Chairmen  of  Sub-Committees 

Boston,  A.  L.  Williston  New  York,  J.  A.  Kinkead 

Buffalo,  W.  H.  Carrier  Philadelphia,  T.  C.  McBride 

Chicago,  Fay  Woodmansee  St.  Louis,  John  Hunter 

Cincinnati,  J.  T.  Faig  St.  Paul,  Max  Toltz 

Cleveland,  R.  B.  Sheridan  San  Francisco,  Thos.  Morrin 

Michigan,  H.  W.  Alden  Seattle,  R.  M.  Dyer 
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SPRING  MEETING 

The  meeting  at  Baltimore  was  in  every  way  a  successful  gath- 
ering. The  Society  and  its  friends  were  the  guests  of  the  Engi- 
neers' Club  of  Baltimore,  with  whom  the  local  members  of  the 
Society  and  the  officers  at  Annapolis  cooperated  to  the  fullest 
extent;  and  the  worlv  of  the  local  committees  under  the  direction 
of  the  Executive  Committee  of  the  Engineers'  Club  was  planned 
and  carried  out  with  such  nicety  of  detail  as  greatly  to  enhance 
the  enjoyment  of  all  in  attendance. 

The  registration  was  small  as  had  been  anticipated,  in  view 
of  the  approaching  German  Meeting,  there  being  142  members 
present  and  185  guests.  There  have  seldom  been  professional 
sessions  at  any  of  the  Society's  meetings,  however,  at  which  there 
was  greater  sustained  interest  or  more  effective  discussion. 

It  was  the  purpose  of  the  Committee  on  Meetings  to  make  the 
trial  this  spring  of  fewer  sessions  than  usual  for  the  discussion 
of  papers,  a  plan  which  appeared  to  meet  with  general  approval. 
After  a  strenuous  winter's  work,  the  conditions  are  more  pro- 
pitious for  relaxation  and  enjoyment  of  one's  friends  at  a  spring 
convention  than  for  the  reading  of  technical  papers.  On  the 
other  hand,  there  has  recently  been  a  marked  increase  in  the 
number  of  papers  presented  at  annual  meetings  -in  December, 
so  that  no  diminution  in  the  total  number  of  papers  for  the  year 
is  :iiiticii);itod. 
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The  Belvedere,  which  was  the  headquarters  for  all  the  Balti- 
more sessions,  is  ideal  for  the  purpose.  The  whole  top  floor  is 
given  up  to  assembly  rooms  well  adapted  either  for  social  or 
professional  needs. 

TUESDAY   EVENING   RECEPTION 

On  Tuesday  evening.  May  20,  was  a  gathering  in  the  tea  room 
of  the  Belvedere  for  an  informal  reception  by  the  officers  of  the 
Engineers'  Club  of  Baltimore  and  an  address  of  welcome  by  the 
Mayor  of  Baltimore,  Honorable  James  H.  Preston. 

The  speakers  were  introduced  by  the  President  of  the  Engi- 
neers' Club  of  Baltimore,  Mr.  E.  Keith  Compton,  In  welcoming 
the  guests  to  the  city  the  Mayor  dwelt  on  the  importance  of  the 
present  day  work  of  the  engineer  and  especially  on  the  impor- 
tance of  his  work  in  connection  with  the  municipal  improve- 
ments of  the  city  of  Baltimore.  During  a  period  beginning  six  or 
eight  years  ago  some  of  the  most  important  features  of  the  city 
have  been  entirely  rebuilt,  and  will  when  finished  constitute  a 
series  of  municipal  improvements  almost  unprecedented  in  then- 
extent. 

Following  the  great  fire,  from  the  effects  of  which  the  city 
arose  without  outside  aid,  came  the  construction  of  the  high- 
pressure  fire  system  and  there  is  now  under  way  a  large  exten- 
sion of  the  water  system  for  general  use,  the  construction  of  what 
is  judged  to  be  the  finest  sanitary  sewerage  system  in  the  world, 
and  many  miles  of  the  city  streets  are  being  re-paved.  Other  and 
extensive  improvements  have  recently  been  completed  or  are 
contemplated,  such  as  the  uumicipal  docks  and  police  department 
buildings. 

As  the  President,  Dr.  Goss,  did  not  arrive  until  later,  Past- 
President  Oberlin  Smith  responded  for  the  Society,  outlining 
briefly  the  growth  of  the  engineering  profession  from  the  days 
of  the  military  engineer  to  the  present  time  when  engineering 
interests  are  so  diversified  that  there  are  many  established 
branches,  represented  by  the  four  national  engineering  societies 
of  today. 

A  few  remarks  upon  engineering,  past  and  present,  with  rem- 
iniscences of  early  days  in  Baltimore,  Avere  made  by  Mr.  Mcndes 
Cohen,  Past-President  of  the  American  Society  of  Civil  Engi- 
neers, and  Honorary  Member  of  the  Baltimore  Engineers  Chib. 

BUSINESS    :MEETING,    WEDNESDAY    MORNING 

The   semi-annual   business   meeting   was   held   on   "Wednesdav 
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morning  with  the  President,  J)r.  W.  F.  !M.  (Joss,  in  the  chair. 
The  Secretary  announced  the  vesuU  of  llic  iiienibership  baUol  l)y 
which  605  names  were  elected  to  membersiiip  of  various  grades. 
Of  these  547  w^ere  new  and  the  balance  were  promotions.  This 
is  the  largest  ballot  in  the  history  of  the  Society  as  a  result  of 
the  splendid  efforts  of  the  Increase  of  Membership  Committee 
and  of  many  individual  members  Avho  have  personally  aided  in 
the  work;  and  is  all  the  more  gratifying  because  of  the  high  pro- 
fessional standing  of  these  accessions  as  shown  by  the  profes- 
sional record  pamphlet  Avhich  has  been  distriljuted  to  the  mem- 
bership. 

Announcement  was  furthei-  made  of  the  membership  ballot  on 
amendments  to  the  Constitution,  w  hich  relate  chiefly  to  the  estal)- 
lisliment  of  a  new  grade  to  be  known  as  "  Associate-Member  " 
and  to  the  method  of  election  of  members.  An  Associate-Member 
must  be  an  engineer  or  a  teacher  of  applied  science,  25  years 
of  age  or  over,  and  competent  to  execute  work  in  his  profession. 
This  grade  differs  from  what  is  now  known  as  an  "  Associate  " 
in  that  it  is  required  that  the  candidate  be  30  years  of  age  or 
over  and  qualified  to  cooperate  with  engineers.  The  new  method 
of  election  as  explained  more  fully  elsewhere  in  this  issue,  is  by 
ballot  of  the  Council  instead  of  by  ballot  of  the  membership 
at  large. 

Under  the  order  of  new^  business,  notice  was  given  of  the  rec- 
ommendation by  the  Council  that  the  constitution  be  further 
amended  with  respect  to  the  grades  of  Meniber  and  Associate- 
Member,  in  each  case  raising  the  requirements.  Under  the  pro- 
posed plan  a  Member  will  have  to  be  32  years  of  age  or  over  and 
nuist  have  been  in  active  practice  of  his  profession  for  at  least  10 
years  and  in  responsible  charge  of  important  work  for  five  years; 
or  if  a  teacher,  equivalent  experience  Avill  be  required  as  a  pro- 
fessor of  engineering  in  charge  of  a  department.  To  become  an 
Associate-Member  a  candidate  must  be  at  least  27  years  of  age, 
with  six  years'  professional  experience  and  one  year  in  responsi- 
ble charge  of  Avork.  The  Secretary  explained  that  by  this  new 
grading  a  Member  would  have  the  same  rank  as  the  recently 
established  "  Fellow  "  in  the  American  Institute  of  Electrical 
Engineers  and  an  Associate-Member  would  correspond  to  the 
"  Member  "  in  that  organization. 

A  resolution  w^as  interposed  by  W.  J.  Andrews  in  reference 
to  a  suitable  headstone  or  monument  to  mark  the  graAC  of  John 
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Fitch.  The  ciircei'  of  Fitch  and  an  account  of  the  runninii;  of 
his  boat  on  the  river  al  Philadelphia  in  1790  was  published  in 
The  Journal  at  the  time  of  the  Hndson-Fulton  celeln'ation,  and 
it  appears  from  advertisements  of  that  time  that  passengers  Avere 
carried,  making  this  the  first  American  passenger  boat  to  be  pro- 
pelled bj  steam.  It  was  voted  that  the  matter  of  marking  the 
grave  be  referred  to  the  Council  for  appropriate  action. 

The  meeting  then  proceeded  to  the  hearing  of  reports  of  com- 
mittees. That  upon  the  Myriaw^att  w-as  presented  by  Mr.  H.  G. 
Stott,  Chairman  of  the  Committee  on  the  Myriawatt,  wdio  re- 
plied to  the  criticisms  by  Messrs.  William  Kent  and  George  H. 
Barrus  which  were  published  in  the  May  issue  of  The  Journal. 
Mr.  Stott's  reply,  with  the  other  discussions  upon  the  Myriaw^att, 
will  appear  in  a  later  issue  of  The  Journal. 

A  Code  of  Ethics  for  engineers,  published  in  the  January  issue 
of  The  Journal,  was  presented  by  Charles  T.  Main.  In  the  dis- 
cussion it  was  objected  to  in  its  entirety  by  Fred  H.  Colvin  and 
in  part  by  Richard  II.  Rice,  who  held  that  Par.  S  of  the  report 
w^ould  tend  to  encourage  the  upholding  of  men  who  had  given 
wrong  advice,  and  that  Pars.  23  and  24  limited  the  advertising 
methods  used  by  engineers. 

Mr.  Stott  explained  that  the  Code  of  Ethics  w^as  intended  to 
help  out  young  men  who  lacked  the  experience  of  older  engineers 
and  indicate  to  them  a  proper  method  of  procedure  in  their  pro- 
fessional relations.  He  did  not  favor  establishing  strict  lines, 
but  believed  that  a  code  of  ethics  would  prove  useful  to  young 
men  who  had  not  had  these  points  of  practice  driven  into  them 
by  hard  experience. 

It  was  proposed  that  the  report  be  submitted  to  the  monibcr- 
ship  at  large  and  after  considerable  discussion  as  to  what  recom- 
mendation to  make  to  the  Council  in  this  regard,  resolutions  were 
finally  passed  in  the  following  form : 

Resolvkd  ;  Tliat  this  iiieotiiis  niiiirovos  in  general  the  i)r()|K)S('d  Codo  of 
Ethif's  for  ado])tion  hy  the  Society. 

Resoi,ved:  That  it  he  recoiiunendcd  to  the  Council  that  the  propositi  Code 
of  Ethics  be  iirinted  in  jyaniphlet  form  and  a  copy  he  mailed  to  each  nioni- 
ber  of  the  Society,  accompanied  by  a  ballot  so  prepared  that  each  member 
may  vote  upon  each  clause  separately ;  and  that  if  the  majority  of  those 
voting  are  in  favor,  this  Meeting  recommends  that  the  Council  shall  de- 
clare the  report  approved  and  shall  arrange  for  the  appointment  of  a  com- 
mittee on  the  interpretation  of  the  code. 
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A  third  ii'poit  lo  l)c  presented  was  the  majority  report  of  the 
Coinniittoe  on  Standard  Invohite  Gears.  Owing  to  the  absence 
oi  the  cliairnian  of  the  coimnittee  at  that  time,  the  reading  ol" 
the  report  was  deferred  until  hiter  in  the  morning.  Tliis  report 
and  the  discussion  upon  it  will  be  printetl  later. 

PROFESSIONAL    SESSIONS 

FoUowing  the  discussion  npon  the  reports  came  the  tirst  pro- 
fessional session  Avith  the  following  list  of  papers: 
Test  of  a  Hydranlic  Buffer,  Carl  Schwartz 
The   Present   Condition   of   the   Patent    Law,   Edwin    J. 

Prindle 
Shading  in  Mechanical  Drawing,  Theodore  W.  Johnson 
Cost  of  Upkeep  of  Horse-Drawn  Vehicles  against  Electric 
Vehicles,  W.  E.  Metz 
It  was  decided  to  assign  the  single  (las  Power  paper  on  Pres- 
ent Operation  of  Gas  Engines  using  Blast-Furnace  (his  as  Fuel 
by  Charles  C.  Sampson,  which  it  was  expected  would  be  pre- 
sented at  a  separate  session  of  the  Gas  Power  Section,  to  one  of 
the  regular  meetings  of  the  Society  and  this  came  up  for  dis- 
cussion on  Thursday  morning. 

But  two  professional  sessions,  therefore,  were  held,  the  second 
on  Thursday  morning  being  devoted  to  the  subject  of  fire  pro- 
tection with  the  following  list  of  papers : 

The   Baltimore    High-Pressure    Fire    Service,    James    B. 

Scott 
National  Standard  Hose  Couplings  and  H^^drant  Fittings 

for  Public  Fire  Service,  F.  M.  Griswold 
Debarment  of  City  Conflagrations,  Albert  Blauvelt 
Allowable  Height  and  Area  in  Factory  Buildings.  Ira  H. 

Wool  son 
The  Protection  of  Main  Belt  Drives  with  Fire  Petardant 

Partitions,  C.  H.  Smith 
The  Life  Hazard  in  Crowded  Buildings  due  to  Inadequate 
Exits,  H.  F.  J.  Porter 

The  discussion  at  both  of  these  meetings  was  spirited  and  in- 
teresting and  will  be  reported  fully  in  later  issues  of  The  Journal. 

On  Wednesday  morning  the  paper  by  Mr.  Prindle  on  The 
Present  Condition  of  the  Patent  Law  pointed  out  that  the  de- 
cision of  the  Supreme  Court  in  the  "  Mimeograph  Case "  sus- 
taining the  right  of  the  patentee  to  require  tlie  purchaser  of  the 
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machine  to  l)iiy  of  the  pateiiteG  ink  and  paper  for  use  on  it  had 
resulted  in  the  introduction  of  a  hirge  number  of  bills  in  Con- 
gress with  a  view  to  cutting  down  the  patentee's  monopoly.  It 
explained  the  general  nature  of  the  proposed  legislation  and  its 
etfect  on  the  patent  law  and  upon  inventors.  Upon  motion  of 
the  author  the  following  resolution  bearing  upon  this  matter  was 
passed : 

Resolved:  Tliat  the  Council  be  reqncstod  to  take  appropriate  artion 
against  tlie  aniendiuent  of  tlie  Patent  Law  and  tlie  bills  now  before  Con- 
gress until  a  competent  commission  shall  have  reported  on  the  advisability 
of  the  proposed  changes. 

CONrEKKi:\G    OF     1I0:N0KAUY     membership    upon     captain     CHARLES 

HENRY    MANNING 

An  event  that  gave  pleasure  to  all  was  the  conferring  of  Hon- 
orary Membership  upon  Captain  Charles  H.  Manning  knoAvn  for 
so  nuiny  years  as  the  mechanical  superintendent  of  the  Amos- 
keag  Manufacturing  Company,  Manchester,  N.  H.  Captain 
Manning  Avas  born  in  Baltimore,  Md.,  in  1844.  He  received 
his  engineering  education  at  the  Lawrence  Scientific  School  of 
Harvard  University  and  during  the  Civil  War  was  in  service 
on  various  ships.  The  war  ended,  there  followed  a  period  of  sea 
duty  in  diii'erent  parts  of  the  world  until,  in  1870,  he  was  assigned 
to  shore  duty  as  instructor  at  the  Naval  Academy  at  Annapolis. 

After  twelve  yeai-s  of  continuous  service  there  he  was  granted 
a  leave  of  absence  and  took  charge  of  the  reorganization  of  the 
steam  and  water  power  plants  of  the  extensive  Amoskeag  Mills 
at  Manchester,  N.  H.  Pie  later  resigned  from  the  Navy,  his 
name  being  placed  on  the  retired  list  in  1884. 

Introducing  Mr.  Manning  at  the  meeting.  Dr.  Goss  said: 

The  audience  lias  the  rare  privilege  of  counting  among  its  numbers 
Charles  11.  Manning,  one  of  our  most  distinguislie<l  engineers,  who  is  still 
a  retired  officer  of  the  Navy  with  the  rank  of  Lieutenant-Connuander  and 
Cliief  Engineer.  He  rendered  conspicuous  service  to  the  country  before  his 
retirement,  and  since  then  in  the  cotton  null  industry  of  New  England.  He 
was  a  pioneer  in  centralizing  power  in  large  stations,  and  his  efforts  with 
the  Amoskeag  mills  of  New  Hampshire  brought  about  the  conversion  of 
sundry  stations  into  a  single  station  supplying  steam  over  a  large  area. 
He  is  the  inventor  of  the  Manning  boiler  and  is  an  authority  on  water 
power.  In  Decemlier  last  he  resigned  from  the  active  direction  of  the  engi- 
neering work  of  the  Amoskeag  mills.  He  is  a  nmch  beloved  member  of  this 
Society,  of  which  he  has  been  an  active  member  since  1884.  In  recognition 
of  this  fact  the  Council  has  taken  unusual  action  in  Itestowing  Honorary 
Membership  upon  Mr.  Manning. 
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Air.  AIallIli^^^  in  re'rn.miiliou  .of  your  yreaL  ability  as  an  ('n;,'iiici'r,  of  your 
sreal;  cliaracter  as  a  man  and  of  your  abidinj;  loyalty  to  the  prolVssiou  of 
ongineeriug  and  to  the  members  of  this  Society,  a  petition  signed  by  twelve 
members  was  presented  to  the  Council  at  its  March  meeting.  This  peti- 
tion was  a  document  of  imusual  signiticance.  The  tirst  name  on  the  list  of 
.signers  was  that  of  Benjamin  F.  Isherwood,  chief  engineer  of  the  Navy 
during  the  Civil  War,  and  the  last  name  that  of  Erasmus  D.  Leavitt,  the 
second  President  of  tliis  Societ.v,  the  others  upon  the  petition  being  names 
of  distinguished  engineers.  Acting  upon  this  petition,  the  Council,  having 
given  due  consideration,  unanimously  voted  by  a  letter  ballot  to  confer 
upon  you  the  rank  of  Honorary  Member,  in  token  whereof  I  have  the  priv- 
ilege this  day  to  present  you  this  certificate. 

Captain  Manning  said  in  reply: 

This  Is  a  gi'eat  surprise  to  me  and  I  fidly  appreciate  the  honor,  coming 
to  me  as  it  does  in  my  native  city.  I  was  born  two  or  three  blocks  from 
here  and  raised  under  the  shadow  of  the  Washington  monument.  After 
what  schooling  I  liad  away  from  here,  I  retiu'ued  here  early  in  the  Civil 
War  to  conuaence  my  i)ractical  engineering  experience,  and  .vesterday  on 
the  l>oat  that  took  you  down  the  River  I  met  one  of  my  old  shopmates  of 
52  years  ago. 

I  have  been  a  member  of  this  Society  from  the  early  beginning,  when  we 
had  a  second  story  room  in  the  library  down  on  lower  Broadway,  and  my 
old  friend,  Thomas  Rae,  was  then  secretary.  I  have  always  been  inter- 
ested in  tlie  work  of  the  Society,  have  done  what  I  could  to  promote  it, 
and  have  en.ioyed  the  friendship  of  many  of  the  presidents,  John  Sweet, 
Loring,  Melville,  and  that  greatest  of  all,  John  Fritz,  with  w'hom  I  had 
the  honor  of  being  on  very  friendly  terms. 

The  old  organization  has  had  my  love  and  respect,  and  my  one  honor 
is  that  I  have  helped  the  cause  of  mechanical  engineering  in  this  country 
as  one  of  the  instructors  at  the  Naval  Academy  in  Annapolis.  I  spent 
eight  of  the  happiest  years  of  my  life  there,  and  I  consider  my  work  there 
for  mechanical  engineering  as  the  greatest  I  have  ever  done,  .fudge  by  its 
i-('sults,  for  amongst  my  impils  were  Professors  Ilollis,  Si>angler  of  Penn- 
sylvania, one  of  our  honored  members  who  has  now  gone  before,  Cooley, 
Durand,  and  a  half  dozen  others  of  the  distinguished  members  of  this 
Soclet.v.  They  had  not  very  much  use  for  me  then,  but  a  better  set  of 
friends  I  have  never  had  anywhere  in  the  world. 

I  thank  you  one  and  all  for  this  honor. 

RESOLUTIONS    OF    THANKS 

At  the  close  of  the  Thursday  morning  session,  the  following 
resolutions  of  thanks  Avere  unanimously  passed : 

Whereas,  The  American  Society  of  Mechanical  Kngineers.  in  session 
at  its  semi-annual  meeting,  in  Baltimore,  Maryland.  May  20  to  23,  1913,  has 
enjoyed  so  profitable  and  delightful  a  visit  through  the  efforts  of  the  Engi- 
neers' Club  of  Baltimore,  and  of  the  Local  Committees. 

Be  It  Resolved.  That  the  secretary  be  instructed  to  extend  the  thanks 
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(if  (lie  visiliii;;  iiiciiiIkts  and  .liucsls  to  all  w  lio  have  eontributod  to  their 
c'Utortainmeiit ;  lo  i\\r  Kiiyiiu'crs'  Club  oL'  ISalliiuore  for  their  cordial  hospi- 
tality ;  to  the  Executive  Committee  of  the  Committee  ou  Eutertaiumeut, 
Eayton  F.  Sniitli,  Chairman  ;  to  the  Clialruieu  of  the  various  sub-conuuit- 
tees  ou  eutortainment ;  to  the  Citizens'  Committee ;  to  the  Ladies'  Com- 
mittee, Mrs.  J.  W.  Shirley.  Chairman ;  to  the  Committee  on  the  visit  to 
the  U.  S.  Naval  Academy.  I'ruf.  T.  W.  Johnson,  Cliairman;  to  liis  Honor 
the  Mayor  of  Baltimore,  James  H.  Preston,  and  the  City  Council  for  the 
demonstration  of  the  liigh-pressure  fire  system  and  the  use  of  the  ice  Iwat, 
F.  C.  Latrobe,  for  the  trip  around  the  harbor ;  to  his  Excellency,  Governor 
Goldsborough,  for  his  welcome  to  the  State  of  Maryland ;  to  Lieutenant- 
Commander  H.  I.  Cone,  U.  S.  N.,  for  his  address ;  to  Captain  Gibbons, 
U.  S.  N.,  Commandant  of  the  U,  S.  Naval  Academy,  for  the  courtesies  ex- 
tended during  the  trip  to  the  Naval  Academy ;  to  the  Arundell  Club  for 
the  use  of  their  rooms  and  courtesies  extended  to  the  visiting  ladies;  to  the 
various  manufacturing  plants  that  arranged  trips  of  inspection;  and  to  the 
owners  of  automobiles  who  loaned  them  for  the  use  of  the  guests. 

THE    TRIP    TO   ANNAPOLIS 

On  Friday  the  whole  day  was  devoted  to  a  visit  to  Annapolis, 
the  "  colonial  city,"  and  to  an  inspection  of  the  Naval  Academy 
and  the  Government  Experiment  Station.  The  trip  was  made 
by  the  W.  B.  &  A.  electric  road  and  npon  arrival  the  party  as- 
sembled at  the  historic  State  House  where  Washington  resigned 
his  commission  as  commander-in-chief  of  the  Continental  Army. 
The  Society  was  received  in  the  assembly  hall  by  Governor  P.  R. 
Goldsborough,  who  welcomed  them  with  a  brief  address  in  which 
he  typified  Annapolis  as  the  Athens  of  America  and  referred  to 
the  beauty  of  the  colonial  buildings  and  the  symmetry  of  their 
lines  of  architecture.  He  said  that  we  all  gratefully  remem- 
bered the  loyal  patriots  with  whose  names  so  much  of  historic 
Annapolis  is  associated,  particularly  the  four  signers  of  the  Dec- 
laration of  Independence  whose  residences  still  stand,  Samuel 
Chase,  Charles  Carroll,  Thomas  Stone,  and  William  Paca,  the 
house  of  the  last-named  now  being  Carvel  Hall.  There  is  also 
the  liberty  tree,  the  largest  tree  on  the  Atlantic  coast,  under 
which  the  patriots  met  to  protest  against  P)ritish  domination. 
In  the  State  House  Congress  ratified  the  treaty  with  Great  Bri- 
tain at  the  close  of  the  Kevolution  and  action  was  taken  leading 
to  the  adoption  of  the  Federal  Constitution. 

Dr.  Goss  said  that  it  was  fitting  to  ask  Prof.  Ira  N.  Hollis, 
long  associated  with  the  Naval  Academy,  to  respond  to  the  wel- 
come so  cordially  extended  by  his  excellency  the  Governor.  Pro- 
fessor Hollis  spoke  as  follows : 
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The  kindness  of  Professor  Goss  has  placeti  upon  uie  the  agreeable  honor 
of  thanking  his  Excellency,  Governor  Golclsborongh,  on  the  part  of  the 
President  and  members  of  The  American  Society  of  Mechanical  Engineers, 
for  this  cordial  and  generous  welcome  to  the  State.  We  shall  leave  Bal- 
timore with  a  most  pleasing  memory  of  the  hospitality  of  Maryland  and 
of  the  excellent  judgment  of  that  small  committee  of  its  citizens  who  made 
the  i)Iaus  for  our  visit.  But  this  recejitiou  in  the  State  House  will  add 
something  of  a  deeper  nature  to  our  feelings.  Here  we  are  closer  to  the 
great  man  who  gave  up  his  sword  to  become  for  all  time  the  ideal  of 
American  citizenship.  We  are  eager  and  glad  to  think  that  his  early  career 
began  in  a  branch  of  engineering,  and  in  that  belief,  we  shall  carry  with 
us  to  all  parts  of  the  Union  a  new  dedication  to  our  profession  and  to  the 
service  of  our  fellow  countrymen.  In  this  sense,  Maryland  has  shown  us 
that  higher  example  of  service  which  every  engineer  should  rejoice  to  fol- 
low ;  and  his  Excellency  as  the  represi'utative  of  his  State  has  triven  us  an 
enduring  satisfaction  in  the  permission  to  use  a  room  in  this  historic  State 
House  for  our  meeting  in  Annapolis. 

The  President  and  members  of  this  Society  express  to  his  Excellency 
their  wishes  for  his  continued  success,  and  to  the  State  of  Maryland  their 
pride  in  its  career.  Wherever  one  of  us  shall  go  when  we  scatter  this 
afternoon  to  all  points  of  the  compass,  there  will  the  Governor  and  the 
citizens  of  this  State  lind  a  sphere  of  intluence.  Our  hope  is  that  they  may 
soon  come  to  let  us  show  them  the  warmest  center.  Long  live  this  generous 
commonwealth. 

Following  these  remarks  came  an  address  by  Lieutenant-Com- 
mander H.  I.  Cone,  TJ.S.N.,  late  engineer-in-charge  of  the  naval 
experiment  station  at  Annapolis. 

ABSTRACT   OF    ADDRESS    BY    LIEUTENANT-COMMANDER    CONE 

On  July  IS,  1861,  Congress  passed  the  following  Act: 

Section  1537.  No  patented  article  connected  with  marine  engines  shall 
hereafter  be  piu'chased  or  used  in  connection  with  any  steam  vessel  of  war 
until  the  same  shall  have  been  submitted  to  a  competent  board  of  naval 
engineers  and  recommended  by  such  board,  in  writing,  for  purchase  and  use. 

This  indicates  that  the  business  of  conducting  experiments  on 
board  war  vessels  in  commission  was  being  overdone,  and  in  view 
of  the  fact  that  war  had  begun  and  the  ships  were  needed  for 
serious  business,  it  was  thought  desirable  to  do  the  experimental 
work  on  shore. 

From  that  time,  boards  of  engineer  officers  have  been  ap- 
pointed from  time  to  time  to  make  practical  tests  of  various  ma- 
chines and  devices  offered  to  the  navy.  This  work  was  generally 
done  at  a  navy  yard  with  such  appliances  as  were  available  or 
could  be  purchased  at  short  notice. 
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Naturally,  among  the  many  bclicmes  submitted  there  would 
occasionally  be  one  that  merited  serious  attention,  in  which  case 
the  test  was  ordered  to  be  made  at  some  navy  yard,  either  by  a 
board  or  by  the  engineer  officer  of  the  yard,  the  applicant  for  the 
test  paying  the  actual  cost  of  labor  and  material  as  provided  by 
law. 

As  time  went  on,  however,  and  the  navy  expanded,  the  nuuiber 
of  ships  under  repair  at  the  yards  increased,  and  it  became  more 
and  more  difficult  to  carry  out  these  tests.  Often  a  rush  order 
would  come  from  Washington  to  concentrate  all  force  on  some 
particular  ship  and  get  her  off  to  sea  at  once.  Then  a  test,  what- 
ever it  might  be,  would  be  dropped  hastily  and  much  of  the  work 
previously  put  on  it  would  be  wasted,  the  experimenters  discour- 
aged, their  interest  lost. 

This  Avent  (m  for  years  and  George  W.  Melville,  then  engineer- 
in-chief,  tried  in  vain  to  get  an  appropriation  for  a  special  ex- 
periment station  where  experimental  work  would  be  paramount. 
Finally,  during  the  enthusiasm  foi-  the  navy  immediately  follow- 
ing the  Spanish  War,  about  $10,000,000  was  appropriated  for 
the  rebuilding  of  the  Naval  Academy  and  with  it  $400,000  for 
the  much  desired  and  greatly  needed  experiment  station  building 
and  equipment,  it  being  proposed  to  locate  it  in  the  Naval  Acad- 
emy grounds,  and  the  law  specifically  requiring  that  it  be  located 
in  that  vicinity. 

One  of  the  aims  of  the  experiment  station  is  to  intercept  all 
sorts  and  kinds  of  new  devices  and  inventions  intended  for  use 
on  naval  vessels,  or  thought  suitable,  and  sort  out  from  this  great 
and  varied  mass  the  few  that  (by  long  tests,  specifically  applied 
to  discover  their  applicability  and  desirability  for  use  on  ship- 
board) are  found  available.  The  tests  are  made  by  officers  who 
from  experience  are  especially  able  to  decide  whether  the  ma- 
chine or  appliance  under  investigation  is  suitable  for  use  on 
naval  vessels,  whether  it  could  be  operated  successfully  by  the 
class  of  men  usually  available  among  the  ships'  crew  and  Avhether 
it  could  be  kept  in  operation  under  the  cii-cumstances  and  condi- 
tions as  they  commonly  exist  on  war  vessels.  These  officers  natu- 
rally hold  the  good  of  the  service  as  of  infinitely  more  importance 
than  the  success  of  an  inventor's  favorite  scheme,  however  in- 
genious and  interesting  it  may  be  in  itself.  Also  they  are  as 
keenly  interested  in  getting  for  the  navy  anything  superior  to  that 
it  supplants  as  they  are  firm  in  rejecting  something  that  will 
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give  endless  trouble  to  others  and  ({uite  possibly  to  themselves 
when  their  time  comes  to  go  to  sea. 

Another  activity  which  has  taxed  the  resources  of  the  station 
is  that  of  testing  all  sorts  of  material  for  use  in  the  navy  as  to 
its  relative  value  in  addition  to  determining  its  safety  and  avail- 
ability for  naval  use.  Owing  to  law  and  regulations  requiring 
that  contracts  be  awarded  to  the  lowest  bidder  on  a  suitable 
article,  the  Bureau  of  Steam  Engineering  has  been  confronted 
for  years  wdth  confusing  questions  as  to  the  suitability  and  qual- 
ity of  a  great  many  ordinary  machinery  supplies.  The  station 
has  in  the  past  and  is  at  present  solving  a  great  many  of  these 
questions,  and  at  the  same  time  making  it  fairer  for  the  bidders 
as  well  as  much  more  economical  for  the  government. 

Another  aim  and  the  reason  for  the  establishment  of  the  sta- 
tion at  the  Naval  Academy  is  the  fact  that  such  a  laboratory  will 
be  valuable  for  the  instruction  of  midshipmen.  The  Naval  Acad- 
emy is  now  primarily  a  military  engineering  school,  and  this 
should  be  evidenced  by  the  extent  of  the  installation  and  the 
facilities  for  conducting  research  work  at  Annapolis,  as  well  as 
by  the  character  of  the  instruction  imparted. 

The  experiment  station  is  now  also  being  utilized  as  an  aux- 
iliary to  the  post-graduate  course  in  engineering.  This  work  is 
essential  to  naval  efficiency,  and  is  earnestly  desired  by  many 
junior  officers  of  the  service.  Post-graduate  work  in  engineering 
is  absolutely  necessary  to  secure  the  large  complement  of  ord- 
nance, electrical,  radio,  and  engineering  experts  that  will  be 
needed  in  the  near  future. 

There  are  also  various  classes  of  research  work  that  should  be 
and  often  must  be  conducted  under  municipal  or  national  aus- 
pices, and  particularly  is  this  the  case  with  matters  relating  to 
maritime  and  naval  affairs.  As  there  is  hardly  a  shipbuilding 
firm  on  the  Atlantic  or  Pacific  coast  which  has  paid  a  dividend 
during  the  past  ten  years,  it  could  not  reasonably  be  expected 
that  such  commercial  interests  would  seriously  entertain  the 
proposition  of  expending  large  sums  of  money  for  even  impor- 
tant engineering  investigation  and  research  work,  particularly  if 
the  resulting  advantages  could  possibly  accrue  to  the  benefit  of 
their  rivals  to  nearly  as  great  an  extent  as  it  did  to  those  who 
conducted  the  tests  at  their  own  expense. 

In  the  short  time  that  the  station  has  been  under  actual  opera- 
tion the  research  work  has  borne  fruit  bej^ond  the  expectations 
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of  the  most  sanguine.  In  the  matter  of  boiler  corrosion  and  heat 
transmission  alone  a  large  expense  has  been  avoided.  The  sta- 
tion is  now  furnishing  its  designers  a  considerable  number  of 
data,  and  it  is  hoped  to  extend  these  so  that  the  designs  and 
specifications  will  contain  only  the  essentials  to  insure  safe  and 
durable  machinery  and  supplies,  while  at  the  same  time  it  is 
intended  to  use  as  many  commercial  articles  as  requirements 
will  permit. 

There  is  a  still  broader  and  more  important  sphere  of  useful- 
ness that  ought  to  be  within  the  capabilities  of  a  national  engi- 
neering laboratory  and  that  is  to  conduct  experimental  research 
along  lines  suggested  by  the  great  engineering  societies  of  the 
country.  There  are  fields  of  investigation  that  cannot  be  ex- 
pected to  be  covered  either  l)y  individual  scientific  institutions, 
corporate  interests,  or  even  by  any  single  commonwealth,  but 
which  could  be  legitimately  carried  on  by  a  national  engineering 
research  institution. 

The  active  cooperation  of  this  Society  in  this  matter  is  not 
only  desired,  but  is  necessary  to  the  development  of  the  under- 
taking in  its  fulness.  It  is  therefore  to  be  hoped  that  before 
final  adjournment,  the  Society  will  find  it  within  the  scope 
of  its  own  purpose  to  make  arrangements  to  confer  with  the 
Navy  Department  as  to  the  best  means  by  which  the  scientific 
organizations  of  the  country  can  cooperate  with  the  Navy  De- 
partment in  extending  the  field  of  usefulness  of  a  national  engi- 
neering laboratory  that  ought  eventually  to  do  much  for  en- 
gineering prestige,  progress  and  advance. 

INSPECTION  OF  POINTS  OF  INTEREST 

There  remained  in  the  forenoon  time  for  the  inspection  of 
historic  points  of  Annapolis  under  the  guidance  of  the  young 
officers  of  the  Naval  Academy,  after  which  lunch  was  served  at 
Carvel  Hall.  The  afternoon  was  spent  at  the  Academy  and 
nearly  every  one  also  went  across  the  Severn  River  to  the  naval 
experiment  station  and  the  aviation  camp.  Four  of  the  hydro- 
aeroplanes gave  demonstration  flights  which  could  be  witnessed 
at  close  range.  Rain  prevented  the  concert  by  the  Naval  Acad- 
emy band  and  the  dress  parade  which  had  been  arranged  for. 

DEMONSTRATION    OF    HIGH-PRESSURE    FIRE    SYSTEM 

A  feature  of  the  meeting  was  the  demonstration  of  the  high- 
pressure  fire  system  at  the  City  Hall  Plaza  AVednesday  after- 
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noon,  and  it  was  fortunate  that  the  Society  were  able  to  arrange 
a  meeting  on  Fire  Protection  on  the  following  day  to  supple- 
ment this  admirable  exhibit  of  the  capabilities  of  modern  ap- 
paratus. Two  automobile  hose  wagons  were  first  used,  from  each 
of  which  four  2i/o-inch  streams  from  double  lines  of  3-inch  hose 
were  thrown  from  Monitor  nozzles  on  the  wagons;  then  twelve 
1%-inch  streams  with  single  lines  of  hose  held  by  tripods  were 
thrown ;  and  finally  one  larger  stream  from  a  Monitor  nozzle  at- 
tached to  a  hydrant.    Inspection  of  the  pumping  plant  followed. 

EXCURSIONS 

Immediately  after  the  demonstration  of  the  fire  system  all 
joined  in  a  trip  about  the  harbor  and  down  Chesapeake  Bay,  as 
far  as  Sparrows  Point,  by  the  municipal  steamer  F.  C.  Latrobe. 
It  was  a  delightful  trip  and  the  committee  in  charge  had  ar- 
ranged a  typical  Chesapeake  Bay  luncheon,  the  principal  item 
on  the  bill  of  fare  being  steamed  crabs,  which  had  been  caught 
that  same  day  in  the  bay. 

On  Thursday  afternoon  many  of  the  members  took  advantage 
of  the  opportunity  to  inspect  the  Jones  Falls  conduits,  the  sew- 
age pumping  plant,  and  the  sewage  disposal  plant  at  Back  River. 
This  sewage  system  is  being  built  at  the  expense  of  twenty  mil- 
lion dollars.  The  storm  water  is  delivered  separate  from  the 
sanitary  sewage  directly  into  the  bay,  while  the  sewage  is  puri- 
fied by  bacterial  treatment  in  the  great  disposal  plant  at  Back 
Eiver  before  being  discharged. 

On  this  afternoon  also  the  ladies  and  many  of  the  members 
as  well  took  advantage  of  the  generosity  of  the  owners  of  auto- 
mobiles who  gave  them  a  trip  through  the  remarkably  beautiful 
country  surrounding  Baltimore,  all  finally  arriving  at  the  Balti- 
more Country  Club,  Roland  Park,  where  tea  was  served. 

On  the  day  previous  the  ladies  had  inspected  the  interesting 
manufacturing  plants  in  the  Coca-Cola  Building  and  during 
their  stay  in  the  city  were  entertained  also  at  the  Arundell  Club. 

EVENING   ENTERTAINMENT 

On  Wednesday  evening  was  the  usual  lecture,  given  this 
time  by  Hon.  O.  P.  Austin,  Secretary  of  the  National  Geo- 
graphic Societ}^  and  chief  statistician  of  the  Department  of 
Commerce.  Mr.  Austin  has  traveled  widely  and  secured  manj'^ 
beautiful  views.    His  subject  was  Around  the  World  in  Eighty 
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Minutes,  and  a  yerieb  ol'  moving  picture  iilnis  were  used,  among 
them  a  roll  belonging  to  the  State  Department  showing  recent 
work  on  the  Panama  Canal,  loaned  especially  for  the  ticcasion 
bj^  Secretary  of  State,  Wm.  J.  Bryan.  On  Thursday  evening 
the  members  and  guests  attended  a  dance  and  reception,  with  a 
late  supper,  given  by  the  Engineers  Club  of  Baltimore,  which 
was  the  culmination  of  the  several  delightful  social  events  of 
the  meeting. 

As  mentioned  at  the  outset  the  arrangements  made  by  the  vari- 
ous committees  in  charge  of  the  entertainments  had  received 
much  careful  thought  and  w^ere  carried  out  with  great  complete- 
ness. Indicative  of  this  was  the  printed  matter  issued;  besides 
a  program  members  were  supplied  Avith  the  beautifully  printed 
Baltimore  Book,  issued  by  the  municipality,  an  illustrated  souve- 
nir of  Annapolis,  and  typeAvritten  directions  for  all  occasions, 
including  notes  on  Annapolis,  an  outline  of  the  automobile  trips, 
and  elaborate  maps  of  Baltimore  and  vicinity. 

GERMAN   MEETING 

The  official  party  which  will  sail  for  Germany  on  June  10,  to 
attend  the  meeting  with  the  Verein  deutscher  Ingenieure  in  Leip- 
zig, now  numbers  243,  and  they  will  be  joined  in  Germany  by 
45  others  now  abroad  or  sailing  by  other  routes.  A  very  com- 
plete guide  book,  containing  the  full  itinerary,  together  with 
some  account  of  the  German  society  and  the  profession  in  gen- 
eral in  that  country,  as  well  as  of  the  cities  and  establishments 
to  be  visited,  has  been  received  and  distributed  to  each  of  those 
who  will  participate  in  the  trip. 

Those  in  charge  of  the  entertainment  on  board  the  S.  S.  Vic- 
toria Luise  have  the  plans  well  under  way.  There  will  be  sports 
of  various  kinds  and  log  guessing  and  wirelei?s  contests,  card 
parties,  a  mock  trial,  several  lectures  on  German  history,  art, 
cities  and  educational  systems  by  prominent  members  of  the  So- 
ciety, a  reception  by  the  officers  of  the  ship,  a  cotillion,  a  pro- 
gressive dinner,  and  a  cabaret  performance.  On  Sunday,  June 
15,  there  will  be  religious  services  morning  and  evening. 

The  following  committees  have  been  appointed  to  care  for 
the  various  features  of  the  ocean  trip : 
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ENTERTAINMENT  COMMITTEE 
Arthur  M.  Greene,  Jr.,   Chmn. 
Charles  A.  Mead 
Geo.   A.  Orrok 
H.  G.  Reist 
Calvin  W.  Rice 

ACQUAINTANCESHIP  COMMITTEE 
L.  P.  Breckenridge,   Chmn. 
William  A.  Doble 
Lester  G.  French 
James  Hartness 
H.  G.  Reist 
J.  E.  Sagde 
Jesse  M.  Smith 
Worcester  R.   Warner 
E.  H.  Whitlock 


LADIES  COMMITTEE 
Mrs.  Arthdr  M.  Greene,  Jr..  Chmn. 
Miss  Helen  E.  Armstrong 
Mrs.  Geo.  M.  Urill 
Mrs.  John  R.  Freeman 
Mrs.  Henry  L.  Gantt 
Mrs.  Frank   B.  Gilbreth 
Mi.ss  Kate  Gi.eason 
Miss  Alice  Meier 
Mrs.  Jesse  M.  Smith 
Mrs.  Worcester  R.  Warner 
Mrs.  E.  H.  Whitlock 

CELEBRATION  ON  JULY  4 
John  R.   Freeman,   Chmn. 
L.  P.  Breckenridge 
James  Hartness 
Henry  Hess 
F.  G.  Kretschmer 


A  celobi'iition  of  Independence  Day  Avill  be  held  at  Tlomburg, 
V.  d.  h.,  Avith  the  cor)perati()n  of  the  American  colony  in  Frank- 
furt. 

A  list  of  the  official  party  follows: 


SAILING  ON  S.   S.  VICTORIA  LUISE 


Alden,  H.  W. 
Alden,  Mrs.  H.  W. 
Alden,  Horace 
Alden,  Douglas 
Aldrich,  John  G. 
Aldrich,  Mrs.  John  G. 
Aldrich,  John  G.,  Jr. 
Alford,  L.  P. 
Alford,  Mrs.  L.  P. 
Allen,  Miss  Mabel  L. 
Armstrong,  Miss  Helen  E. 
Baker,  Charles  Whiting,  Jr. 
Barton,  Wm.  H. 
Bates,  Francis  E. 
Benner,  Henry  L. 
Bennett,  C.  W. 
Bennett,  Mrs.  C.  W. 
Bennett,  Miss  Helen 
Best,  J.  H. 
Best,  W.  N. 
BiNLEY,  William,  Jr. 
Binley,  Mrs.  William,  Jr. 
Blood,  Charles  W.  H. 
Blood,  Mrs.  Charles  W.   H. 
Bond,  George  M. 
Boyer,  Jos. 
Bray.  T.  J. 
Bray,  Mrs.  T.  J. 
Breckenridge,  L.  P. 
Breckenridge,  Mrs.  L.  P. 
Briggs,  Leroy  E. 
Brill,  George  M. 
Brill,  Mrs.  George  M. 
Brill,  G.  Meredith 
Brinton,  Willard  C. 


Brooks,  J.  Ansel 
Brown,  Robert  S. 
Brown,  Mrs.  Robert  S. 
Brown,  Wylie 
Bruegel,  a.  T. 
Bunnell,  S.  H. 
Bunnell,  Mrs.  S.  H. 
Burleigh,  P.  Gray 
Burleigh,  Mrs.  P.  Gray 

BURSLEY,    J.    A. 

Bursley,  Mrs.  J.  A. 
BuTTOLPH,  Benj.  G. 
BuTTOLPH,  Mrs.  Benj.  G. 
Carew,  Clement  J. 
Carew,  Mrs.  Clement  J. 
Carpenter,  Russell  H. 
C.'VRR,  C.  A. 
Chapman,  Frank  T. 
Chapman,  Miss  Cecil  L. 
Christie,  A.  G. 
Clarke,  C.  W.  E. 
Clarke,  Mrs.  C.  W.  E. 
Clifford,  H.  E. 
Coffin,   Mrs.  Charles  H. 
Coleman,  R.  J. 
colwell,  a.  w. 
Connon,  George  W. 
CoNNON,  Mrs.  George  W. 
CoNROY,  Ramon  A. 
Cooke,  Harte 
Cooke,  Mrs.  Harte 
Dart,  William  C. 
Davis,  Francis  P. 
DeBaufre,  Wm.  L. 
DeBaufre,   Mrs.  Wm.  L. 
Detrick,  Jacob  S. 
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Detrick,  Mrs.  Jacob  S. 

DiCKERMAN,    A.    C. 

DisQUE    Robert  C. 
DoBLE,  William  A. 
DoBLE,  Mrs.  Wm.  A. 
DoBLE,  Jesse  W. 

DoBLE,    JOHX    A. 

DoBLE,  Wm.  a.,  Jr. 
Dottehweich,  a.  J. 
Felker,  Geo.  F. 
Fellows,  E.  R. 
Fellows,  Mrs.  E.  R. 
Fellows,  R.  M. 
Fischer,  Ad.  K. 
Fitch,  William  K. 
Ford,  F.  E. 
FoLSOM,  Eugene  L. 
FoLSOM,  Mrs.  Eugene  L. 
FoucAR,  E.  L. 
FoucAR,  Mrs.  E.  L. 
Freeman,  John  R. 
Freeman,  Mrs.  John  R. 
Freeman,  Clark 
Freeman,  Harvey  L. 
Freeman,  John  R.,  Jr. 
Freeman,  Roger  M. 
French,  L.  G. 
French,  Mrs.  L.  G. 
Frost,  George  H. 
Fuller,  Arthur  A. 
Fuller,  Mrs.  Arthur  A. 
Gantt,  H.  L. 
Gantt,  Mrs.  H.  L. 
Gates,  Philetus  W. 
Gilbreth,  Frank  B, 
Gilbreth,  Mrs.  Frank  B. 
Gillespie,  Mrs.  D.  L. 
Gillespie,  Miss  Mabel 
Gleason,  Miss  Kate 
Goldingham,  a.  H. 
Goldinoham,  Mrs.  A.  H. 
Goss,  Chauncey  p.,  Jr. 
Goss,  Mrs.  Chauncey  P.,  Jr. 
Graefe,  a. 

Greene,  Arthur  M.,  Jr. 
Greene,  Mrs.  Arthur  M.,  Jr. 

GUILBERT,    H.    Moss 

Guilbert,  Mrs.  Edmund 
Haight,  H.  V. 
Hall,  James  A. 
Harder,  Lewis  F. 
Hartness,  James 
Hartness,  Mrs.  James 
Hersey,  Mayo  D. 
Hess,  Henry 
Hess,  Mrs.  Henry 
Hess,  H.   D. 
Hess,  Mrs.  H.  D. 
Hess,  Miss  M.  D. 
Honsberg,  August  A. 
Horstmann,  H.  J. 


Horstmann,  Mrs.  H.  J. 
Jackson,  A.  C. 
Kaup,  W.  J. 
Kaup,  Mrs.  W.  J. 
Keller,  E.  E. 
Keller,  Mrs.  E.  E. 
Kent,  Edward  R. 
Kent,  Robert  T. 
Kent,  William 
King,  L.  S. 
Klein,  Arthur  W. 
Klein,  Otto  H. 
Knowles,  Helen 
Knowles,  Morris 
Knowles,  Mrs.  Morris 
Kornfeld,  Alfred  E. 
LeBlond,  R.  K. 
Leland,  H.  M. 
Leland,  Mrs.  H.  M. 
Leonhard,  Miss  Dora 
Leonhard,  Miss  Madeline 
Lodge,  Willi.\m 
Low,  Fred  R. 
Low,  Mrs.  Fred  R. 
Low,  Giles  J. 
Lucas,  Henry  M. 
Macon,  W.  W. 
Marshall,  Norman 
Marshall,  Mrs.  Norman 
Mead,  Charles  A. 
Meier,  E.  D. 
Meier,  Miss  Alice 
Merriman,  Mansfield 
Merriman,  Mrs.  Mansfield 
Merhyweather,  George  E. 
Miller,  T.   H. 
Miller,  Mrs.  T.  H. 
Moore,  L.  C. 
Moore,  Miss  Selma  J. 
Moore,  Samuel  L. 
Moore,  Mrs.  Samuel  L. 
Morse,  Arthur  H. 
Morse,  Mrs.  Fannie  H. 
Morse   Virgil 
Nelson,  J.  W. 
Nickel,  Frank  F. 
Nickel,  Mrs.  Frank  F. 
O'Reilly,  Mrs.  E.  R. 
O'Reilly,  Miss  Genevieve 
Palmer,  George  B. 
Palmer,  Mrs.  George  B. 
Pelton,  E.  W. 
Person,  Harlow  S. 
PiNGER,  George  C. 
Price,  W.  T. 
Reibt,  H.  G. 
Reist,  Mrs.  H.  G. 
Rice,  Calvin  W. 
Richards,  Charles  K. 
Richmond,  Knight  C. 
KiLEY,  Joseph  C. 
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Riley,  Miss  R.  C. 

RiSTEEN,    A.    D. 

RiSTEEN,  Mrs.  A.  D. 
Roe,  Joseph  W. 
Sadler,  C.  R. 
Sanders,  Newell 
Sanders,  Mrs.  Newell 
Schmidt,  C.  R. 
Schmidt,  F.  L. 
Schmidt,  Mrs.  F.  L. 

SCHMITT,    F.    L. 

ScHNucK,  Edward  F. 
deSchweinitz,  p.  B. 
Seligman,  Walter 
Seubert.  Arthur 
Sherrbrd,  J.  M. 
Sherrerd,  S.  H. 
Skinner,  A.  C. 
Smith,  Jesse  M. 
Smith,  Mrs.  Jesse  M. 
Snyder,  W.  E. 
Snyder,  Mrs.  W.  E. 
Soverhill,  H.  a. 
Soverhill,  Mrs.  H.  A. 
Staples,  R.  T. 
Stebbins,  Theodore 
Stebbins,  Mrs.  Theodore 
Stetson,  George  R. 


Fr. 


Thompson,  Hugh  L. 
Thompson,  James  R. 
Thorkelson,  H.  J. 
Thorkelson,  Mrs.  H.  J. 
Thurston,  Edw.  D.,  Jr. 
Thurston,  Mrs.  Edw.  D. 
Thurston,  Miss  Alice  M. 
deTrampe,  Adam 
deTrampe,  Countess 
Trix,  Jno. 

Troeger,  John  F.  R. 
Troeger,  Miss  Theodora  E. 
Warner,  Worcester  R. 
Warner,  Mrs.  Worcester  R 
Webster,  L.  B. 
Webster,  Mrs.  George 
Wellman,  S.  Knowlton 
Wellman,  Julian  A. 
Wellman,  Miss  Marjorie  E. 
Wheeler,  W.  H. 
Whitlock,  E.  H. 
Whitlock,  Mrs.  E.  H. 
WiLKE,  Mrs.  William 
WiLKE,  Miss  Charlotte 
Wilkin,  John  T. 
Wood,  Walter 
Young,  G.  A. 
Young,  Vincent  W. 


UNOFP^ICIAL    CHILD  S    TICKETS    HAVE    BEEN    SOLD    TO 
Alden,  Miss  Madeline  IJess,  Master  H.  D. 


Brill,  Master  Roland 
Bunnell,  Miss  Elizabeth 


Knowles,  Master  Morris 
WiLKE,  Master  Henry  Phillips 


TO    JOIN    THE    PARTY    IN    EUROPE 


Adamson,  Daniel 
Adamson,  Mrs.  Daniel 
Alexander,  M.  W. 
Bates,  E.  P. 
Bates,  Mrs.  E.  P. 
Bolles,  F.  G. 
Brill,  Elliott  M. 
Cole,  F.  J. 
Cole,  Mrs.  F.  J. 
Davis,  Charles  Ethan 
Davis,  Mrs.  Charles  Ethan 
Dean,  F.  W. 
Dean,  Mrs.   F.  W. 
Dean,  F.  H. 
Dean,  S.  W. 
Fox,  Mrs.  Charles  B. 
Kretschmer,  F.  G. 
Kretschmer,  Mrs.  F.  G. 
London,  W.  J.  A. 
London,  Mrs.  W.  J.  A. 
McMyler,  Miss  Doris 
McMyler,  Miss  Gertrude 
McMyler,  Mrs.  P.  T. 


H. 


Marks,  L.  S. 
Marks,  Mrs.  L.  S. 
Morgan,  L.  H. 
Morse,  Lewis  K. 
Robeson,  A.  M. 
Schlachter,  C.  II. 

SCHLACHTER,  MrS.  C. 

Shearer,  C.  A. 
Simon,  Arthur 
Simon,  Mrs.  Arthur 
Snow,  Walter  B. 
Snow,  Miss  Rachel  P. 
Sunstrom,  K.  J. 
SuNSTROM,  Mrs.  K.  J. 
Taylor,  J.  W. 
Taylor,  Mrs.  J.  W. 
Thompson,  David 
Thompson,  Mrs.  David 
Whiteford,  James  F. 
Whiteford,  Mrs.  James  F. 
Whiteford,  Mrs.  A.  W. 
Wilke,  William 


CHANGE  OF  ADDRESS 
Members  of  student  branches  are  requested  to  notify  the  Sec- 
retary of  any  change  in  address  as  promptly  as  possible,  in  order 
to  facilitate  receipt  of  The  Journal. 


20  SOCIETY    AFFAIRS 

A   NEW   GRADE   OF   MEMBERSHIP  AND   NEW 
METHOD   OF  ELECTION 

At  the  Baltimore  meeting  amendments  to  the  Constitution 
providing  a  new  grade  of  membership  and  a  new  method  of 
election  were  adopted. 

The  new  grade  of  Associate-Member  now  eifective  is  intended 
for  the  engineer  twenty-five  years  of  age  or  over,  who  has  risen 
to  a  responsible  position  in  the  industrial  world.  Engineers  of 
this  type  while  not  qualified  for  the  grade  of  member,  are  en- 
titled to  more  recognition  than  is  offered  in  the  grade  of  Junior. 
The  amendment  reads  as  follows : 

An  Associate-Member  shall  be  an  Engineer  or  a  Teacher  of  Applied  Sci- 
ence of  twenty-Hve  years  of  age  or  over.  lie  must  show  by  his  experi- 
ence or  by  his  duties  that  he  is  competent  to  execute  work  in  his  profession. 

The  inauguration  of  this  grade  will  tend  to  raise  the  standard 
of  membership  in  the  Society  and  permit  a  more  accurate  grad- 
ing of  candidates. 

The  old  grade  of  Associate  will  henceforth  apply  to  non- 
professional applicants,  i.e.,  executive  officers  of  industrial  enter- 
prises and  others  who  by  reason  of  their  association  with  engi- 
neers are  qualified  to  cooperate  with  the  Society  in  the  advance- 
ment of  professional  knowledge. 

The  Junior  grade  will  be  assigned  to  the  .young  engineer  who 
has  but  recently  graduated  from  college  or  who  has  risen  to  a 
.subordinate  position  in  engineering  work  through  his  practical 
experience. 

PROMOTIONS 

All  members  now  holding  the  grade  of  Associate  or  Junior 
and  who  are  qualified  for  a  higher  grade  under  the  new  grading 
should  make  application  in  the  same  way  as  if  originally  ap- 
plying. 

NFW    METHOD    OF    ELECTION 

A  method  of  handling  applications  for  admission  to  the  So- 
ciety was  also  adopted.  In  accordance  with  this  the  Council 
has  instituted  a  new  rule  which  provides  that  the  name  and 
address  of  each  candidate  be  printed  in  the  issue  of  The  Journal 
following  the  receipt  of  the  application.  Members  will  be 
granted  40  days  in  which  to  advise  the  Secretary  of  any  objection 
they  may  have  to  the  election  of  any  individual. 

At  the  expiration  of  (he  time  for  which  an  applicant  is  posted 
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the  Monibersliip  Cdimiiiltce  will  meet  to  consider  each  applica- 
tion !ii)(l  Hiiikc  reconimeiidatioiis  to  the  Council  as  to  the  grade 
to  Avhicli  ciindidates  who  recei\c  their  favorable  consideration 
shall  be  assigned. 

A  list  of  the  candidates  together  Avith  the  recommendations 
oF  the  Membership  Committee  will  then  be  submitted  to  the 
Council  for  A'ote  by  letter  ballot. 

Upon  the  closing  of  the  ballot  by  the  Council  the  Secretary 
w  ill  at  once  advise  all  successful  applicants  of  their  election  and 
submit  to  them  a  statement  covering  initiation  fee  and  dues  for 
the  first  year.  The  payment  of  this  statement  shall  constitute 
the  final  step  in  securing  admission  to  inembershi])  in  the  Society. 
APPLICATIONS   FOR   ELEC'l^ION 

'J'he  INIembership  Committee  have  received  applications  from 
the  following  candidates.  Any  member  objecting  to  the  election 
of  any  of  these  candidates  should  inform  the  Secretary  before 
Julv  15,  1913: 


Alexander,  Walter  P.,  Providence,  R.  I. 
Allen,  Jean  M.,  San  Francisco,  Cal. 
Ash,  Horace  W.,  Boston,  Mass. 
Bacharach,  Herman,  Pittsburgh,  Pa. 
Baily,  Thaddeus  F.,  Alliance,  O. 
Ballinger,  Walter  F.,  Philadelphia,  Pa. 
Barnes,  John  S.,  Rockford,  111. 
Barnett,  Carl  P.,  Chicago,  III. 
B.\rr,  J.\mes  W.,  Cincinnati,  O. 
Barstz,  Emil,  New  York 
Bear,  Oliver,  Chicago,  111. 
Bbckjord,  Walter,  St.  Paul,  Minn. 
Benedict,  How.\rd  G.,  Horneli,  N.  Y. 
Bergey,  John  E.,  Philadelphia,  Pa. 
Berrenberg,  Reinold,  Boston,  Mass. 
Billwiller,  Ch.arles  J.,  Jr.,  Iciuique,  Chile, 

S.  A. 
Blair,  Frank  M.,  Newark,  O. 
Blake,  Raymond  F.,  Ann  Arbor,  Mich. 
Block,  Louis,  New  York 
Borie,  Renshaw,  Stamford,  Conn. 
Boyer,  Joseph,  Detroit,  Mich. 
Brennan,  John  T.,  Cleveland,  O. 
Briggs,  Harry  E.,  Milwaukee,  Wis. 
Bright,  Fred  E.,  Philadelphia,  Pa. 
Brown,  Earl  W.,  Elyria,  O. 
Brown,  Owsley,  Springfield,  Mass. 
Btjffington,  Harry  C,  Minneapolis,  Minn. 
Burnett,  Earle  S.,  Ithaca,  N.  Y. 
Burton,  Sylvester  E.,  Los  Angeles,  Cal. 
Cadiry,  Mozufper,  Ahmednagar,  India 
Caldwell,  Geo.  G.,  Chicago,  111. 
Campbell,  Malcolm,  Montreal,  Canada 
Cardona,  Joseph  H.,  Buenos  Aires,  Argentine 

Republic,  S.  A. 


Cave,  John  R.,  New  York 
Church,  Harold  D.,  Detroit,  Mich. 
Clark,  Wm.  E.,  Muskegon,  Mich. 
Connor,  Herbert,  San  Francisco,  Cal. 
Conroy,  Thomas  M.,  Lima,  O. 
Costerian,  Marc  R.,  Los  Angeles,  Cal. 
CouTANT,  Jay  G.,  Watervlict,  N.  Y. 
Db  Andrade,  Joaquim  G.,  Ma    aro,  Brazil, S. A. 
DoNALD.soN,  Harold  R.,  Schenectady,  N.  Y. 
DuGAN,  Claude  M.,  Jr.,  Louisville,  Ky. 
Dye,  Ira  W.,  Culebra,  C.  Z. 
Dykstra,  John  E.,  Rock  Falls,  III. 
Early,  John  Wesley,  Denver,  Colo. 
Eckert.  Arthur  C,  St.  Louis,  Mo. 
Eddison,  Wm.  B.,  New  York,  N.  Y. 
Edema,  Bertus  J.,  Midland,  Pa. 
Edgerton,  Lloyd  B.,  Upland,  Pa. 
EiSELT,  E.MiL,  Baltimore,  Md. 
Errunza,  Jamnadas  C,  Baroda,  India 
Fairchild,  Fred  P.,  San  Diego,  Cal. 
Fales,  Henry  H.,  Boston,  Mass. 
Farkell,  Geo.  C,  Elyria,  O. 
F.vrley,  Ernst  W.,  Richmond,  Va. 
Fraim,  Samuel  R.,  Lancaster,  Pa. 
Freeman,  Roger  M.,  Boston,  Mass. 
Frbund,  Walter  F.  W.,  Ann  Arbor,  Mich. 
Frink,  Francis  G.,  Seattle,  Wash. 
Frost,  Frank  G.,  Houston,  Texas 
Gardner,  Wm.  M.,  Memphis,  Tenn. 
Godfrey,  Foskett  H.,  Tacoma,  Wash. 
Gobbler,  Chas.,  Poughkeepsie,  N.  Y. 
Grunwell,  Paul  C,  Louisville,  Ky. 
Gunther,  E.,  Vancouver,  B.  C. 
Gupta,  Birendra  Chandra,  Srinagar,  Kash' 
mir,  India 
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Hall,  Edwin  J.  C,  Yonkers,  N.  Y. 
Hall,  Wm.  G.,  Honolulu,  Hawaii 
HARRiNaTON,  Wellesley  C,  Ithaca,  N.  Y. 
Hasberq,  Wm.  M.,  Chicago,  111. 
Hays,  John  C,  Vi.salia,  Cal. 
Hawkins,  Geo.  W.,  Tucson,  Ariz. 
Hawlet,  Wm.  a.,  Indianapolis,  Ind. 
Hepburn,  Harry  M.,  Honolulu,  T.  H. 
Hinckley,  Frank  C,  Boston,  Mass. 
Holmes,  Frederick  S.,  New  York,  N.  Y. 
Homi,  E.,  Sakchi,  India 
Howard,  Ernest  E.,  Kansas  City,  Mo. 
HowARTH,  Jacob  M.,  Chicago,  111. 
Howell,  Horace  L.,  Niagara  Falls,  Ont.,  Can. 
Huffman,  John  C,  Riverside,  Cal. 
HuFSMiTH,  Clifford  L.,  Port  Arthur,  Texas 
HuLTS,  Eugene  A.,  Chicago,  111. 
Hunt,  Paul  B.,  Milwaukee,  Wis. 
Huntington,  Clarence  W.,  New  York,  N.  Y. 
Insley,  Wm.  H.,  Indianapolis,  Ind. 
Ibenberg,  Hans  O.  C,  Wilkes-Barre,  Pa. 
Jaeger,  Max,  Mt.  Vernon,  N.  Y. 
Johann,  Charles  S.,  New  York,  N.  Y. 
Kalbach,  Samuel  E.,  Reading,  Pa. 
Kearney,  Wm.  J.,  Oglesby,  111. 
Kelley,  Fredk.  H.,  Franklin,  N.  H. 
Kennedy,  James  E.,  Hakalau,  Hawaii 
Kbown,  Robert  McA.,  Madison,  Wis. 
Kessing,  Albert  F.,  Porterville,  Cal. 
Kineade,  Elmer  C,  Beaumont,  Tex. 
Kipp,  Theo.,  Jr.,  Moose  Jaw,  Canada 
Knerr,  Dan  G.,  Springfield,  O. 
Knoebel,  Carl  B.,  Sinton,  Texas. 
KoPKE,  Ernst,  Honolulu,  T.  H. 
Kramer,  Frank  E.,  Mansfield,  O. 
Lynch,  Michael  A.,  Washington,  D.  C. 
Lyon,  Clifford  W.,  Mildred,  Kan. 
McDowell,  Edward  C,  Hamilton,  Canada 
Makutchan,  Ralph  W.,  Hobart,  Ind. 
Martensis,  John  Van  S.,  Minneapolis,  Minn. 
Mead,  Charles  A.,  Upper  Montclair,  N.  J. 
Mehta,  Darabsha  B.,  Bombay,  India 
Meredith,  Wynn,  San  Francisco,  Cal. 
Messner,  Manfred,  New  York,  N.  Y. 
Miller,  John  A.,  Nazareth,  Pa. 
Miller,  John  V.,  Silver  Lake,  N.  J. 
Mitchell,  J.  Hanson,  Richmond,  Va. 
Moeller,  Wm.,  Jr.,  Independence,  Kans. 
Moore,  Edmund  B.,  Springfield,  Vt. 
MoRAN,  Daniel  J.,  Ancon,  C.  Z. 
Morrill,  Guy  L.,  Ann  Arbor,  Mich. 
Morton,  John  W.,  Brooklyn,  N.  Y. 
Mueller,  Herman  F.,  Minneapolis,  Minn. 
MuNsoN,  Chas.  C,  New  York,  N.  Y. 
Murphy,   Ralph,  Syracuse,   N.  Y. 
Naqy,  Bela,  E.  Cleveland,  O. 
Nathan,  T.  U.  S.,  Gulbargar,  Hyderabad,  India 
New,  Wm.  E.,  Kansas  City,  Mo. 
Nichols,  Fred  C,  Balboa,  C.  Z. 
Ohren,  Geoboe  A.,  Vancouver,  B.  C. 


Otto,  Fredk.  A.,  St.  Paul,  Minn. 
Patel,  Chunilal  N.,  Baroda,  India 
Pearce,  Ernest  L.,  Marquette,  Mich. 
Pender,  Benjamin  D.,  Washington,  D.  C. 
Peterson,  Emil  A.,  Appleton,  Wis. 
Philipp,  Paul  C,  New  York,  N.  Y. 
Pierce,  Burton  B.,  Concrete,  Wash. 
Pinch,  H.  H.,  Transcona,  Manitoba,  Can. 
Plant,  Oliver  W.,  Detroit,  Mich. 
Platt,  Louis  J.,  Ensenada,  P.  R. 
Powers,  James,  New  York,  N.  Y. 
Purchas,  Arthur  W.,  Oilfields,  Cal. 
Putnam,  Frederic  W.,  Durham,  N.  H. 
Rbdlein,  Geo.  L.,  Buffalo,  N.  Y. 
Rhodes,  Geo.  H.,  Akron,  O. 
Roberts,  Eugene  D.,  Tacoma,  Wash. 
Robinson,  Chas.  G.,  Pittsburgh,  Pa. 
Robinson,  Walter  P.,  Toronto,  Can. 
Rorabeck,  Claude,  Dayton,  O. 
Rose,  Fred  Wayland,  Minneapolis,  Minn. 
Rosencrants,  Fay  H.,  Corvallis,  Ore. 
RoTHERHAM,  George  G.,  Troy,  N.  Y. 
Rowntree,  Frank  L.,  Meriden,  Conn. 
Schell,  Erwin  H.,  Providence,  R.  I. 
Scheurmann,  Walter  P.,  Dayton,  O. 
.Scott,  J.  Murray,  Port  Augusta,  Australia 
Scott,  Wirt  S.,  Columbus,  O. 
Serrano,  Luis  R.,  Santiago,  Chile 
Simeon,  Charles  J.,  Worcester,  Mass. 
SiTARAMACHAR,  Bachahalli,  Mysore,  S.  India 
Smith,  Frederick  Crocker,  Port  Arthur,  Tex. 
Smith,  Jas.  A.,  Schenectady,   N.  Y. 
SouBA,  Wm.  H.,  Ft.  William,  Can. 
Spice,  Charles  G.,  Detroit,  Mich. 
Sprague,  Benjamin  O.,  Adeline,  La. 
Staines,  Albert  G.,  Wilkes-Barre,  Pa. 
Stenbol,  Carl,  Copper  Cliff,  Ont.,  Can. 
Stickney,  Charles  A.,  St.  Paul,  Minn. 
Strong,  Albert  Wm.,  Minneapolis,  Minn. 
Struckmann,  Edwin,  Des  Moines,  Iowa 
Sweetzer,  Wm.  J.,  Cleveland,  O. 
Taylor,  Donald  F.,  E.  Pittsburgh,  Pa. 
Taylor,  Stevenson  P.,  New  York,  N.  Y. 
Thayer,  Wm.  C,  Dayton,  O. 
Todd,  Wm.  J.,  Edmonton,  Can. 
Valtier,  Franz  v.,  Chicago,  111. 
Van  Haerst,  John  C,  So.  Bethlehem,  Pa. 
Vincent,  Gilbert  I.,  Des  Moines,  la. 
von  Rottweiler,  George,  Waterloo,  la. 
Walden,  Albert  E.,  Baltimore,  Md. 
Ward,  Clarence  E.,  Cleveland,  O. 
Whitacre,  Robert  B.,  St.  Paul,  Minn. 
White,  J.  Wm.,  Jr.,  San  Francisco,  Cal. 
Whitney,  Chas.  S.,  New  York,  N.  Y. 
Wilson,  H.  Howell,  Altoona,  Pa. 
Wood,  Ernest  H.,  Wilmington,  Del. 
Wood,  Wm.  R.,  St.  Paul,  Minn. 
WoRTHEN,  Charles  B.,  Trenton,  N.  J. 
Zimmerman,  Peter  C,  Yamhill,  Ore. 
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PROMOTION    FROM    JUNIOR 

Breslove,  Joseph,  Pittsburgh,  Pa.  Greene,  Ernest  Woodruff,  Niitloy,  N.  .J. 

Chess,  Harvey  B.,  Jr.,  Pittsburgh,  Pa.  Mott,  Abram  C,  Jr.,  Philadelphia,  Pa. 

Church,  Elihu  C,  New  York  Randall,  John  A.,  Brooklyn,  N.  Y. 

Core,  W.  Wallace,  Newark,  N.  J.  Rupi>,   Manning  E.,  Eucoyd,   Pa. 

De  Baufre,  Wm.  L.,  Annapolis,  Md.  Si-rau,  Wm.  C,  Chicago,  111. 

Fisher,  Elueht  C,  .Saginaw,  Mich.  Tavlor,  Harvey  B.,  Philadelphia,  Pa. 

FoRGY,  John  E.,  Wilmington,  Del.  Wheeler,  Earl,  Washington,  D.  C. 
Glasgow.  Carr  L.,  Montreal,  Can. 

promotion  from  associate 

Douglas,  Courtney  C,  Chicago,  111.  Lockett,  Kenneth,  Chicago,  III 

Vandemoer,  John,  Chihuahua,  Mexico 

SUMMARY 

New  applications 186 

Promotion  from  Junior l.") 

Promotion  from  Associate 3 

Total 204 

CURRENT  AFFAIRS  OF  THE  SOCIETY 

Among  the  bequests  of  the  will  of  the  late  Admiral  Geo.  F. 
Melville,  Past-President  and  Honorary  Member  of  the  Society, 
was  one  of  one  thousand  dollars  to  the  Society,  to  be  devoted  to 
the  annual  award  of  a  gold  medal,  known  as  the  INIelville  Prize 
Medal,  for  original  work. 

MILWAUKEE    SECTION 

The  members  of  the  Society  in  Milwaukee  and  its  vicinity 
have  organized  a  local  section  and  a  committee,  consisting  of 
Fred.  H.  Dorner,  Chairman;  Arthur  Simon,  PI  P.  Worden,  M. 
A.  Beck,  and  Henry  Weickel,  has  been  appointed.  It  is  pro- 
posed to  hold  not  less  than  two  meetings  a  year,  and  to  cooper- 
ate in  professional  meetings  and  other  matters  with  the  Mil- 
waukee Engineers  Society  and  the  Milwaukee  section  of  the 
American  Institute  of  Electrical  Engineers. 

NATIONAL   DRAINAGE    CONGRESS 

The  Society  Avas  represented  at  the  National  Drainage  Con- 
gress in  St.  Louis,  April  10-12,  1913,  by  John  Hunter,  Honorary 
Vice-President,  and  a  very  complete  report  of  its  proceedings 
was  recently  rendered  to  the  Council.  In  view  of  the  great 
floods  in  the  middle  West,  the  congress  was  the  most  important 
of  the  three  thus  far  held,  and  much  attention  was  drawn  to  it 
from  all  parts  of  the  country.  Its  three  hundred  or  more  dele- 
gates included  prominent  engineers,  doctors,  public  officials  and 
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private  citizens  from  nearly  every  state  in  the  union.  Resolu- 
tions were  adopted  calling  on  President  Wilson  and  Congress  to 
establish  a  department  of  public  works,  to  have  general  charge 
of  all  conservation  and  reclamation  work,  and  the  formation  of 
a  National  Malarial  Congress  was  also  endorsed  to  have  special 
charge  of  the  stamping  out  of  malaria. 

ELLIOTT    CRESSON    MEDAL    AW^ARDED    TO    DR.    STEINMETZ 

One  of  the  Elliott  Cresson  Medals  was  awarded  this  year  by 
the  Franklin  Institute  to  Dr.  Chas.  P.  Steinmetz,  Mem.Am.Soc. 
M.E.,  who  delivered  l)efore  the  meeting  called  for  the  purpose 
an  address  on  Some  Electrical  Problems  Awaiting  Solution. 

Calvin  W.  Eice,  Secretary. 

RESOLUTIONS  ON  THE  DEATH  OF  JOHN  FRITZ 

At  a  recent  meeting  of  the  Board  of  Directors  of  the  John 
Fritz  Medal  Fund  Corporation,  established  to  perpetuate  the 
memory  of  Mr.  Fritz,  and  upon  which  the  Society  is  represented 
by  four  members,  as  are  also  the  American  Society  of  Civil  En- 
gineers, the  American  Institute  of  Mining  Engineers  and  the 
American  Institute  of  Electrical  Engineers,  the  following  reso- 
lutions were  adopted : 

The  Board  of  Directors  of  the  .Tohii  Fritz  Medal  Fund  Corporation,  learn- 
ing with  sorrow  of  the  death  of  Mr.  .John  Fritz  at  his  home  in  South  Beth- 
lehem, Pennsylvania,  on  February  1.3th,  191.3,  in  the  ninety-first  year  of  his 
age,  desires  to  place  upon  its  records  this  minute,  upon  the  completion  of  his 
long  and  useful  life  of  effective  service  to  his  profession  and  his  counti'y. 

In  1902,  when  Mr.  Fritz  was  approaching  his  eightieth  birthday,  his 
friends  and  admirers  planned  to  give  a  dinner  at  which  he  should  be  the 
guest  of  honor.  A  dinner,  however,  was  felt  by  many  to  be  inadequate  to 
commemorate  so  great  a  man,  and  to  signalize  the  indebtedness  of  the  pro- 
fession of  engineering  for  such  a  life  so  lived.  A  dinnei",  however,  is  soon 
forgotten  and  leaves  no  permanent  record.  Out  of  this  thought  grew  the 
idea  of  creating  a  fund,  by  gift  from  the  many  who  could  attend  and  from 
the  many  more  who  could  not  be  so  assembled,  the  Income  from  which 
should  be  used  in  honor  of  Mr.  Fritz,  to  i-ecognize  and  reward  achieve- 
ments in  engineering  similar'  to  those  which  had  made  his  life  so  valuable 
to  the  profession  and  to  the  world.  The  result  was  a  substantial  subscrip- 
tion from  the  members  of  the  four  great  engineering  societies,  and  from 
other  friends  and  professional  associates  of  Mr.  Fritz,  and  the  creation  of 
an  incorporated  body,  to  act  as  Trustees  of  the  fund,  and  the  judges  who 
should  award  a  medal  for  notable  scientific  or  industrial  achievement. 

The  directors  of  the  corporation  founded  In  April  1903,  to  execute  this 
trust,  do  not  feel  that  they  are  called  upon  on  this  occasion  to  make  any 
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extciuU'd  rcCcreiicc  to  tli»>  inorcssioiial  .icliicvciiiciils  of  Mr.  Frit/,,  or  to  his 
fino  cliiir.-icter  and  I  lie  clianu  oT  his  iiorsoiiiility.  This  has  hooii  done  elso- 
where  and  hy  coiiijiol-i'iiL  hands.  lUit  it  will  he  proper  to  refer  to  the  infln- 
euce  vvliich  the  achievements  and  the  character  of  tlie  man  whose  name  it 
bore  has  always  had  in  the  award  of  the  John  Fritz  Medal.  The  recipient  of 
it  must  have  done  some  notable  thing  such  as  would  have  conuuended  itself 
to  the  clear-headed  .iudgment  and  the  kindly  approval,  of  the  man  in  whose 
honor  the  Board  was  created  to  act.  It  is  the  wisli  and  the  ambition  of  the 
Board  of  Award  that  it  shall  ever  maintain  the  standard  set  by  the  life  and 
acbievements  of  jNIr.  Fritz  in  the  men  and  their  achievements,  to  whom  the 
John  Fritz  Medal  is  awarded. 

The  Board  feels  that  the  ordinary  phrases  of  corporate  action  would  be 
inappropriate  upon  the  termination  of  such  a  splendid  life  by  the  summons 
to  yet  higher  service,  especially  when  such  Board  exists  for  the  specific 
purpose  of  perpetuating  and  making  influential  the  nol)le  spirit  and  high 
ideals  of  such  a  life  by  rewarding  achievement  in  its  field. 

AYhat  it  may  properly  do  is  to  express  thankfulness  that  the  life  was 
spared  so  long,  and  to  record  its  pledge  that  this  Board  will  ever  strive  so 
to  carry  out  its  purpose  that  the  name  and  the  life  of  John  Fritz  may  be 
powers  for  good  through  the  years  to  come  and  in  the  fields  of  Applied 
Science  in  which  he  made  himself  so  eminent,  and  that  it  shall  thus  help 
to  keep  bright  the  luster  of  that  name. 

Rcsolrcd,  That  this  minute  be  spread  in  full  upon  the  records  of  the 
John  Fritz  Medal  Fund  Corporation,  and  that  copies  of  it  be  sent  to  the 
secretaries  of  the  four  engineering  societies  represented  on  that  body  for 
such  publication  as  they  may  deem  proper. 


SIR  WILLIAM  HENRY  WHITE 

The  distinguished  Naval  Architect  and  Honorary  Member  of 
The  American  Society  of  Mechanical  Engineers,  Sir  William 
Henry  White,  passed  away  on  the  27th  of  February,  1913,  bear- 
ing the  profound  respect  of  the  engineering  profession  through- 
out the  world. 

He  entered  the  service  of  his  country  as  an  apprentice,  and  by 
assiduous  application  and  inborn  ability  rose  to  the  highest  rank 
in  naval  construction  in  the  British  Admiralty, 

Born  in  1845,  he  entered  the  British  Dockyard  at  Devenport 
as  an  apprentice  at  the  age  of  fourteen.  While  working  in  the 
shops  he  attended  the  dockyard  school  and  won  the  Admiralty 
Scholarship  in  1868.  During  the  year  1864  the  Royal  School  of 
Naval  Architects  was  established  at  South  Kensington.  Young 
White  took  first  place  in  the  first  entrance  examinations  of  that 
school,  maintained  first  place,  and  was  graduated  first  with  the 
honorary  degree  of  FelloAv  in  1867.  He  immediately  entered  the 
British  Admiralty  and  remained  there  until  1902  when  he  was 
obliged  to  resign  by  reason  of  failing  health. 

In  1873  he  became  Secretary  of  the  Council  of  Construction 
of  the  Navy  under  the  Presidency  of  Sir  Nathaniel  Barnaby.  He 
rapidly  rose  to  the  rank  of  Chief  Constructor  when  in  1881  he 
resigned  to  take  charge  of  the  shipyard  newly  organized  by  Sir 
William  Armstrong  at  Elswick,  England.  Here  he  designed 
many  warships  for  foreign  governments,  including  two  cruisers 
for  the  United  States.  Upon  the  resignation  of  Sir  Nathaniel 
Barnaby  in  1885,  and  upon  the  recommendation  of  his  former 
chief,  he  was  recalled  to  the  Admiralty  as  Director  of  Naval 
Construction. 

At  this  time  the  question  of  largely  expanding  and  rebuilding 
the  British  Navy  was  under  consideration,  and  he  found  him- 
self in  charge  of  the  engineering  of  this  great  work.  Continuously 
for  seventeen  years,  and  until  his  health  was  broken  by  overwork 
in  1902,  he  labored  on  and  revolutionized  the  navy.  During  that 
period  he  designed  245  warships,  including  43  battleships,  202 

26 


SOCIETY    AFFAIRS  27 

cruisers  of  different  classes,  and  many  torpedo  boats  and  destroy- 
ers, which  were  built  at  a  cost  exceeding  $500,000,000.  The  largest 
warship  previous  to  this  time  was  340  feet  long  and  10,600  tons 
disijlacement.  His  ships  of  the  King  Edward  VII  class  were 
425  feet  long  and  16,350  tons  displacement.  The  speed  of  armored 
cruisers  during  his  regime  increased  from  17  to  24.5  knots,  the 
length  from  315  to  500  feet,  and  the  displacement  from  8400  to 
14,000  tons.  His  designs  were  so  scientifically  and  accurately 
worked  out  that  in  no  case  did  the  actual  ships  exceed  in  draft 
or  displacement  the  estimates  of  the  design.  High  propulsive 
efficiency  was  always  realized,  and  in  no  instance  did  a  ship  fail 
to  attain  the  required  speed. 

Mr.  White  was  rewarded  for  his  notable  achievements  by  a 
C.B.  in  1891,  by  a  K.C.B.  in  1895,  and  by  a  special  grant  by  Par- 
liament in  recognition  of  "  exceptional  services  to  the  Navy." 

After  his  retirement  from  the  Admiralty  in  1902,  he  regained 
his  health  and  was  enabled  to  take  up  other  important  engineer- 
ing work.  He  was  one  of  the  Cunard  Commission  that  settled 
the  question  of  propelling  the  Lusitania  and  Mauretania  by 
steam  turbines,  and  was  a  director  of  the  firm  of  builders  of  the 
latter.  He  also  designed  steamers  with  geared  turbines  for  ser- 
vice in  India. 

Sir  William  was  distinguished  as  an  author.  His  Manual  of 
Naval  Architecture  is  a  classic,  and  of  no  less  value  is  his  Treatise 
on  Shipbuilding.  His  many  papers  on  many  different  engineer- 
ing subjects  presented  before  many  engineering  and  scientific 
societies  all  contributed  to  his  renown. 

He  was  greatl}'^  interested  in  the  education  of  the  engineer  and 
did  much  to  elevate  the  standards  of  technical  schools.  His  lec- 
tures in  the  Royal  School  of  Naval  Architecture  from  1870  to 
1881  resulted  in  the  accession  to  the  navy  and  private  shipbuild- 
ing works  of  a  new  and  much  needed  class  of  designers. 

He  was  honored  by  many  societies  by  election  to  offices  of  dis- 
tinction. He  was  Honorary  Vice-President  of  the  Institution 
of  Naval  Architects;  Fellow  of  the  Royal  Society;  Honorary 
Member  of  The  American  Society  of  Mechanical  Engineers,  of 
the  American  Society  of  Civil  Engineers  and  of  the  American 
Society  of  Marine  Engineers  and  Naval  Architects.  He  has 
been  President  of  the  Institution  of  Civil  Engineers,  the  Institu- 
tion of  Mechanical  Engineers,  the  Institution  of  Naval  Archi- 
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tects,  the  Institution  of  Murine  Eiii^inci'js,  the  Institute  of  Metals, 
and  was  President-Designate  of  the  British  Association. 

He  received  the  honorary  degrees  of  D.Sc.  from  Cambridge 
University  and  Durham,  England,  and  from  Columbia  Uni- 
versity, New  York  City,  also  of  D.Eng.  from  Sheffield  and  LL.D. 
fi'om  Glasgow.  In  1911  he  was  awarded  the  John  Fritz  Medal 
for  "  notable  achievements  in  naval  architecture." 

Sir  William  White's  personal  character  was  known  of  all  engi- 
neers. He  was  above  all,  straight  and  manly,  a  gentleman  ready 
to  see  the  good  in  others,  yet  vigorous  and  steadfast  in  his  own 
convictions.  He  was  intolerant  of  shams  and  of  opinions  based 
on  self-interest,  but  always  ready  to  encourage  the  young  engi- 
neer who  was  true  to  his  profession. 

Services  were  held  simultaneously  at  Holy  Trinity  Church, 
Eoehampton,  and  at  St.  Margaret's,  Westminster,  London. 

The  notable  engineering  societies  and  many  other  scientific  and 
otlier  organizations  were  represented  at  the  services,  including 
this  Society.  The  interment  is  in  the  cemetery  at  Putney, 
London. 

His  wife,  one  daughter,  and  three  sons,  officers  in  the  British 
Navy,  remain  to  mourn  his  loss.  J.  M.  S. 


TEST  OF  A  HYDRAULIC  BUFFER 

By  Carl  Schwartz 

ABSTRACT  OF  PAPER 

The  paper  discusses  the  performance  of  a  hydraulic  buffer  for  raih'oad  terminal 
stations  and  the  means  used  for  the  test.  The  results  show  the  energy  abscrbed 
by  the  buffer  under  various  conditions  of  train  speed  and  weight  and  indicate 
how  a  buffer  should  be  constructed  to  be  least  harmful  to  the  train  equipment. 
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TEST  OF  A  HYDRAULIC  BUFFER 

By  Carl  Schwartz,  New  York 

Momber  of  the  Society 

The  objoct  of  this  pa])('r  is  to  describe  the  methods  used  to  deter- 
mine the  performance  of  an  experimental  hydraulic  buffer  for  railroad 
terminal  stations  and  the  results  obtained;  also  to  illustrate  the  con- 
ditions imposed  upon  equipment  when  striking  the  buffer.  It  is  not 
intended  to  enter  into  the  question  of  design  of  hydraulic  buffers  nor 
to  discuss  the  relative  advantages  and  disadvantages  of  various 
means  to  protect  the  ends  of  the  railroad  tracks  against  overrunning 
of  trains. 

2  The  office  of  a  buffer  being  to  bring  a  locomotive  or  a  train 
to  a  standstill  when,  either  by  accident  or  carelessness,  it  overruns 
its  stopping  point,  an  ideal  buffer  should  be  constructed  so  that 
during  the  period  of  its  travel  the  pressure  exerted  against  the  train 
will  be  uniform.  The  buffer  will  thus  absorb  the  greatest  amount  of 
work  possible  with  the  smallest  maximum  resistance  against  the 
train,  and  if  it  fulfils  this  condition  the  reaction  will  be  least  harmful 
to  the  equipment.  In  how  far  the  buffer  installed  in  its  present 
form  approaches  ideal  conditions  will  be  shown  by  the  records. 

3  The  buffer  tested  consists  of  a  cast-steel  cylinder  of  22  in. 
internal  diameter,  or  380  sq.  in.  area,  and  11  ft.  working  length. 
The  cylinder  is  grooved  to  permit  a  variable  quantity  of  water  to 
pass  by  the  piston,  the  amount  depending  upon  the  position  of  the 
piston,  and  is  largest  with  the  piston  drawn  out  in  position  to  receive 
a  train. 

4  The  piston  proper  is  attached  to  a  steel  ram  10  in.  in  diameter, 
extending  through  a  stuffing  box,  and  carrying  at  its  extreme  end  a 
head  of  cast  steel  with  a  wooden  protection  board  accurately  aligned 
with  the  locomotive  buffer.  The  buffer  cylinder  is  connected  to 
city  water  service,  the  pressure  of  which  is  sufficient  to  drive  the 
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piston  out,  and  the  water  discharged  during  the  stroke  is  disposed 
of  to  the  sewer. 


Fig.  1     Front  View  of  Buffer 


Fig.  2     Side  View  of  Buffer 


5  The  buffer  is  installed  rigidly  upon  and  partly  imbedded  in  a 
block  of  concrete  20  ft.  long,  12  ft.  wide  and  10|  ft.  deep,  a  total  of 
90  cubic  yards.    It  is  held  on  each  side  by  five  bolts  of  2f  in.  in  diam- 
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eter  extending  through  the  foundation  into  bed  rock  by  a  length 
varying  from  6  ft.  in  the  rear  to  13  ft.  in  the  front.  The  weight  of 
the  structure  is  approximate!}'  390,000  lb.  Th(^  buffer  is  illustrated 
in  Figs.  1  and  2. 

6  The  information  required  to  determine  the  performance  under 
different  working  conditions  outside  of  the  weight  of  the  train  is 
principally : 


Fig.  3     Recording  Instrument 


a  Speed  of  train  striking 

h  Pressure  performance  in  cylinder  during  stroke 
c  Travel  of  buffer  piston. 
7  The  time  of  performance  being  exceedingly  short,  it  was 
necessary  to  record  the  readings  automatically,  and  a  special  instru- 
ment for  this  purpose  was  built  by  an  instrument  manufacturer  on 
specifications  prepared  by  the  writer.  See  Fig.  3.  This  instrument 
consists  of  the  following  parts  or  mechanisms: 

Recording  Cylinder.  A  vertical  cylinder  bearing  a  recording 
chart  is  driven  through  a  worm  gear  by  a  small  electric 
motor  and  can  be  adjusted  by  means  of  a  speed  regulator 
to  make  one  revolution  in  12  seconds.     The  circumfer- 


940  TEST    or    A    HYDRAULIC    BUFFER 

ence  of  the  cylinder  being  24  in.,  2  in.  corresponds  to  a 
])eriod  of  1  second. 

Train-Speed  Recorder  consists  of  an  electromagnet  moving  a 
pen  verticallj^  over  the  chart  in  five  successive  steps. 
Five  contacts  were  placed  on  the  track  25  ft.  apart  in 
front  of  the  buffer,  and  these  contacts  were  made  and 
broken  by  the  train  and  actuated  the  speed  recorder. 

Pressure  Recorder  is  constructed  like  a  steam-engine  indicator 
and  by  the  change  of  pistons  and  springs  can  be  used  for 
recording  pressures  from  0  to  2400  lb.  per  sq.  in.  Con- 
n(>ction  to  the  rear  of  the  buffer  cylinder  was  made  by  a 
small  copp(T  tube. 

Piston-Travel  Recorder  consists  of  a  worm  screw  carrying  a 
pen  vertically  over  the  chart  and  is  actuated  by  a  cord 
running  from  a  wheel  on  a,  winding  spring  over  a  wheel 
on  the  worm  screw  to  the  head  of  the  buffer. 

8  The  pressure  recorder  and  piston-travel  recorder,  operating 
above  each  other  simultaneously,  give  the  position  of  the  buffer 
piston  and  the  hydraulic  pressure  prevailing  at  any  position  of  the 
piston. 

9  A  few  pr(4iminary  trials  were  made  to  adjust  the  testing  appa- 
ratus, ascertain  approximately  the  jjerformance  of  the  buffer,  and 
familiarize  the  engineers  making  the  tests  with  the  apparatus.  The 
tests  finally  recorded  were  made  on  March  8  and  9,  1913,  with  the 
equipment  and  train  speeds  as  given  in  Table  1.  The  travel  of  the 
buffer  piston  and  the  maximum  pressure  in  the  buffer  cylinder  as 
recorded  are  also  given. 

10  From  the  readings  obtained  the  curves  in  Figs.  4,  5,  6,  7  and 
8  were  plotted.  In  Fig.  4  the  highest  speed  tested  was  8.10  miles  per 
hour,  at  which  the  maximum  cylinder  pressure  was  found  to  be 
1135  lb.  per  sq.  in.,  corresponding  to  a  total  resistance  of  431,000 
lb.,  18,000  lb.  of  which  was  balanced  by  back  pressure,  leaving 
413,000  lb.  effective  to  stop  the  train.  All  readings  applying  to  the 
light  locomotive  fall  almost  exactly  on  the  curve  and  the  curve  has 
been  extended  to  show  the  probable  pressure  at  higher  speeds.  The 
readings  applying  to  trains  do  not  coincide  as  closely  with  the  curve 
for  the  reason  that  the  car  couplings  and  the  swinging  of  the  cars 
back  and  forth  had  an  erratic  influence. 

11  In  Fig.  5  curves  a,  h,  c  and  d  apply  to  locomotives  and  trains 
of  100  tons,  228  tons,  343  tons  and  458  tons  respectively  and  show 
corresponding  maximum  piston  travels  of  between  3  and  7  ft.     It 
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will  be  seen  that  above  5^  and  6  miles  per  hour  the  speed  of  the 
train  has  practically  no  influence  upon  the  travel  of  the  piston;  also 
below  5|  miles  per  hour  the  difference  in  piston  travel  due  to  train 
speed  is  relatively'  small. 

12  Figs.  4  and  5  illustrate  the  fact  that  the  impact  and  pressure 
against  the  train  depend  largely  on  its  speed  and  that  the  piston 
travel  is  principal!}^  a  function  of  the  train  weight. 

TABLE    1       RECORD   OF   TESTS 


Speed 

Piston 

Max.  Cylinder 

Test 

Equipment 

Weight, 

Striking, 

Travel. 

Pressure, 

No. 

Tons 

M.P.H. 

Ft. 

Lb.  per  Sq,  In. 

4* 

Locomotive 

100 

4.45 

2.69 

460 

5 

Locomotive 

100 

5.00 

2  65 

525 

8 

Locomotive 

100 

5.30 

2.70 

585 

10 

Locomotive 

100 

6.40 

2.90 

730 

It 

Locomotive 

100 

7.21 

3.00 

940 

2 

Locomotive 

100 

8.10 

3.00 

1135 

3 

Locomotive 

100 

7.12 

3.00 

940 

4 

Locomotive 

100 

7.70 

3.00 

1030 

5 

Locomotive,  2  cars 

228 

4.42 

4.25 

490 

6 

Locomotive,  2  cars 

228 

4.48 

4.25 

460 

7 

Locomotive,  2  ears 

228 

5.37 

4.30 

690 

8 

Locomotive,  2  cars 

228 

6,50 

4.50 

790 

9 

Locomotive,  4  cars 

343 

3.15 

5.25 

230 

10 

Locomotive,  4  cars 

343 

2.90 

5.20 

200 

11 

Locomotive,  4  cars 

343 

4.80 

5.75 

515 

12 

Locomotive,  4  cars 

343 

5.76 

5.85 

790 

13 

Locomotive,  6  cars 

458 

4.50 

6.56 

460 

14 

Locomotive,  6  cars 

458 

5.92 

6.60 

820 

*  The  first  four  tests,  Nos.  4.  5,  8.  10,  were  made  March  8,  1913. 
t  Tests  1-14  wore  made  March  9,  1013. 


13  The  curve  in  Fig.  6  was  derived  from  the  preceding  and  is 
intended  to  determine  the  maximum  capacity  of  the  buffer.  The 
highest  train  weight  tested  was  458  tons  and  the  extension  of  the 
curve  shows  that  a  train  weight  of  1000  tons  will  drive  the  buffer 
piston  probably  between  10  and  11  ft.,  or  about  the  total  travel  for 
which  the  buffer  is  constructed. 

14  Fig.  7  covers  test  No.  1  on  March  9  and  the  curves  show  the 
complete  performance  \vith  a  100-ton  electric  locomotive  running 
light,  as  follows: 

a  Speed  of  the  locomotive  approaching  and  during  the  stroke 
6  Pressure  during  the  stroke 
c  Horsepower  absorbed. 
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The  area  covered  by  the  horsepower  curve  gives  the  total  energy- 
absorbed  by  the  buffer  as  368,000  ft-lb.,  to  which  should  be  added 
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the  resistance  of  the  locomotive,  calculated  at  2400  ft-lb.,  to  obtain 
a  total  resistance  of  370,400  ft-lb.     The  energy  in  the  locomotive 
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based  upon  speed  and  train  weiglits  has  been  approximately  cal- 
culated at  370,000  ft-lb.,  which  coincides  closely  with  the  resistance 
recorded.  The  pressure  curve  starts  with  the  city  water  pressure  of 
about  40  pounds  and  was  found  after  the  stroke  to  be  about  80 
pounds,  the  difference  being  due  to  resistance  in  the  discharge  valve. 

15  Fig.  8  covers  test  No.  11  and  the  curves  show  the  complete 
performance  with  a  train  consisting  of  a  100-ton  locomotive  and 
four  pullman  cars,  the  total  weight  of  the  train  being  343  tons.  In 
comparing  this  curve  with  Fig.  7,  the  following  should  be  noted: 

16  The  maximum  pressure  is  only  about  500  lb.  instead  of  900 
lb.  because  the  speed  of  the  train  was  only  4.8  miles  per  hour  instead 
of  7.2  miles  per  hour.  The  peaks  in  the  pressure  curve  are  probably 
due  to  the  locomotive  and  cars  striking  separately  about  as  follows: 
Locomotive  buffer  300  lb.,  locomotive  body  500  lb.,  first  car  390 
lb.,  second  car  300  lb.,  third  car  420  lb.  and  fourth  car  360  lb.;  but 
evidently  the  train  was  drawn  together  and  pulled  apart,  which 
makes  the  performance  somewhat  irregular.  Comparison  between 
the  energy  absorbed  by  the  buffer  and  the  energy  in  the  moving 
train  shows  a  discrepancy  of  about  128,000  ft-lb.,  or  roughly,  25  per 
cent,  which  can  be  accounted  for  as  energy  absorbed  in  the  train  by 
its  parts  swinging  back  and  forth  during  the  impact. 

17  Other  tests  were  calculated  like  the  results  given  in  Figs.  7 
and  8  and  show  similar  and  consistent  performance. 

CONCLUSIONS 

18  Referring  to  Fig.  7,  it  will  be  seen  that  the  bulk  of  the  energy 
is  absorbed  during  the  first  j  second  of  the  stroke;  the  impact  was 
considerable  after  striking,  the  pressure  falling  off  immediately  after 
exceeding  the  maximum.  Fig.  8  would  show  similar  results  had  the 
speed  of  the  train  been  higher  than  4.8  miles  per  hour. 

19  It  was  demonstrated  during  the  tests  that  the  buffer  was 
sufficiently  effective  to  prevent  damage  to  the  locomotive  or  equip- 
ment though  the  speeds  were  at  times  relatively  high. 

20  It  is  evident  that  the  impact  can  be  made  smaller  by  dis- 
tributing the  pressure  uniformly  over  the  period  of  the  stroke.  To 
do  this  the  leakage  in  the  buffer  should  be  increased  at  the  beginning 
of  the  stroke  to  reduce  the  initial  peak  in  the  pressure  curve  at 
speeds  exceeding,  say  4  miles  per  hour.  This  will  increase  the  travel 
of  the  piston  for  a  given  train  weight  and  reduce  the  capacity  of  the 
buffer  to  some  extent.  If  the  leakage  is  brought  into  definite  rela- 
tion to  the  pressure  curve  the  buffer  should  offer  a  uniform  resistance 
against  the  train. 
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21  In  how  far  these  conditions  can  be  approached  in  practice  is 
a  matter  of  investigation  and  the  writer  hopes  that  this  contribution 
may  be  of  assistance  in  understanding  the  conditions  to  be  fulfilled. 


DEBARMENT  OF  CITY  CONFLAGRATIONS 

By  Albert  Blaxjvelt 
ABSTRACT  OF  PAPER 

The  intent  of  this  paper  is  to  eUminate  through  facts  and  experience  in  hand 
those  things  which  cannot  debar  city  conflagrations,  and  deduce  those  things 
which  can  combine  for  debarment. 

The  paper  explains  the  two  ways  in  which  conflagrations  begin,  and  reviews 
various  safeguards  and  methods  of  fire  protection  which  singly  cannot  debar 
conflagrations.  Of  these  the  estabUshment  of  fire  limits,  an  ample  water  supply 
and  adequate  fire  department  as  already  developed  cope  with  all  fires  except  the 
true  conflagration  type  of  hot  blast. 

Two  plans  for  debarment  are  discussed:  one  by  deflection  by  means  of  the 
walls  of  buildings  constructed  of  fire-retardant  materials  and  having  wire-glass 
windows;  and  the  other  by  absorption  by  means  of  sprinklered  buildings. 

The  advantages  and  disadvantages  of  each  are  given  in  detail,  together  with  a 
summary  of  values,  costs  and  gains  attending  the  equipment  recommended  in 
the  paper. 
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DEBARMENT  OF  CITY  CONFLAGRATIONS 

By  Albert  Blatjvelt,  Chicago,  III. 

Member /^of '  the^Society 

Every  conflagration  must  necessarily  begin  in  one  of  two  ways, 
or  with  a  combination  of  both,  Chicago  in  1871  and  Baltimore  in 
1904  being  examples  of  the  two  types. 

2  The  Chicago  fire  started  outside  of  the  congested  district, 
developed  into  hot-blast  form,  and  swept  through  and  beyond 
the  congested  district,  and  burned  out  for  lack  of  fuel. 

3  On  the  other  hand,  the  Baltimore  fire  started  in  the  heart 
of  the  city  and  ramified  more  swiftly  than  the  firemen  could 
operate;  then  took  the  hot  blast  form  and  burned  out  for  lack 
of  fuel. 

4  Such  great  conflagrations  arouse  interest  in  plans  (a)  to 
debar  the  present  ease  of  spread  of  fire  inside  the  costly  districts ; 
and  (h)  to  debar  any  deep  inroad  of  fires  which  may  get  away 
from  firemen  in  the  outskirts,  which  admittedly  are  too  spread 
out  and  cheap  to  be  adequately  protected. 

5  The  first  problem  would  necessarily  be  solved  by  a  solution 
of  the  second  because  the  latter  involves  the  more  severe  type 
of  fire,  a  moving  fire  with  a  trail  of  burning  embers  maldng  fire 
department  work  impossible  from  the  rear.  Such  a  fire  has  a 
central  hot  blast  longer  than  any  high  pressure  or  other  hose 
stream  and  a  brisk  breeze  blowing  on  the  hot  blast  in  a  relatively 
horizontal  position  compels  abandonment  of  the  advancing 
front. 

6  Such  a  hot  blast  has  never  been  stopped  by  firemen  while 
the  wind  held,  but  has,  however,  been  checked  and  deflected  up- 
ward by  barriers  consisting  of  two  or  more  fire  walls  or  their 
equivalent,  with  a  free  air  space  between,  as  in  the  case  of  vari- 
ous moderate,  yet  true  hot-blast  fires  which  have  been  stopped 
by  an  alley  fully  shuttered  on  each  side. 
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7  It  has  also  been  possible  to  absorb  the  hot-blast  attack  of 
such  fires  by  a  very  deep  and  fixed  mass  of  spray  in  the  form  of 
sprinklered  buildings.  The  Boston  fire  of  1893  was  largely  ab- 
sorbed by  an  exceptionally  good  water  supply  in  such  form,  and 
a  somewhat  similar  experience  was  had  at  Toronto  in  1904. 

8  These  successful  experiences  in  checking  hot-blast  fires  by 
deflecting  the  flame  or  by  absorbing  it  in  a  mass  of  spray  have 
been  but  little  appreciated  and  instead  of  acting  upon  the  lessons 
which  they  teach,  our  cities  today  have  a  collection  of  safeguards, 
part  of  which  lend  themselves  to  the  debarment  of  conflagrations 
and  i^art  of  which  do  not. 

SAFEGUARDS   WHICH    SINGLY   CANNOT   DEBAR    CONFLAGRATIONS 

9  The  recognized  and  partly  recognized  safeguards  against 
fire,  but  no  one  of  which  alone  can  debar  conflagrations,  are 
twelve  in  number,  viz.,  fire  prevention;  the  fire  limits;  the  water 
supply;  the  fire  department;  the  high-pressure  fire  system;  the 
uniform  hose  thread ;  the  water  curtain ;  the  so-called  fireproof 
building;  the  horizontally  divided  building;  the  protected  win- 
dow ;  the  sprinklered  building ;  and  the  piped  building. 

10  Dynamite,  private  hose,  steam  jets,  carbonic  gas  systems, 
and  fire  walls  separate  from  l)uildings  are  not  listed  because  they 
are  not  recognized  by  fire  chiefs  for  valid  reasons. 

11  Fire  Prevention.  This  subject,  in  an  engineering  sense,  is 
limited  to  reducing  the  frequency  of  fires.  The  preponderance 
of  disasters  from  trivial,  unknown  or  unguessable  causes  ap- 
pears to  forbid  hope  of  debarment  of  conflagration  through  fire 
prevention.  Besides  this,  a  half  century  of  experience  with  our 
cities  shows  that  the  skill  and  effort  directed  to  prevent  fires 
from  becoming  disasters  has  been  successful  within  0.00003  of 
the  total  fires.  This  0.00003  is  what  has  hurt,  and  appears  to 
be  the  only  considerable  task  of  correction  remaining  for  the 
engineer. 

12  The  Fire  Limits.  This  is  an  expression  indicating  a  cen- 
tral territory  at  least,  within  which  frame  construction  or  shingle 
roofs  are  prohibited  and  where  perhaps  certain  construction  de- 
tails are  enforced,  especially  for  large  area  buildings.  The  elim- 
ination of  frame  buildings  and  shingles  is  an  essential  part  of 
any  plan  to  debar  conflagration. 

13  The  Water  Supply.  This  paper  argues  that  the  water 
supply  is  indispensable  and  also  in  the  main  is  adequate. 
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14  The  Fire  Department.  While  no  fire  department  has  ever 
been  able  to  put  water  on  the  front  or  rear  of  any  hot-blast  tj^pe 
of  conflagration,  nevertheless,  the  fire  departments  at  time  of 
conflagration  have  been  of  gigantic  value  in  keeping  the  fire  from 
spreading  across  the  wind,  in  extinguishing  brands  thrown  far 
ahead,  etc.  Were  this  not  so,  all  past  conflagrations  would  have 
assumed  the  proportions  of  that  in  helpless  San  Francisco.  The 
fire  department,  therefore,  is  indispensable  (because  also  of  its 
signal  and  salvage  aids),  and  this  paper  argues  to  increase  its 
opportunity,  but  not  its  cost  and  size. 

15  The  High-Pressure  System.  Those  cities  which  are 
equipped  with  costly  high-pressure  systems  enjoy  an  advertise- 
ment which  does  not  appear  to  be  shared  nor  courted  by  the 
group  of  valley  cities  with  reservoirs  on  high  blufl's  or  hills.  The 
latter  afl'ord  a  high-pressure  service  for  the  whole,  not  parts  of 
such  cities  and  higher  pressure  and  greater  volume  relative  to 
their  buildings  than  by  other  means.  Powerful  high-pressure 
hydrant  s^'stems  have  also  long  existed  in  a  goodl}^  number  of 
cities  in  the  form  of  special  inland  hydrant  lines  operated  by 
fire  boats. 

16  A  high-pressure  system  is  a  means  for  saving  Siamese 
work,  and  more  easily  develops  long  and  large  hose  streams,  but 
there  is  nothing  about  it  to  enable  firemen  to  use  such  hose 
streams  either  in  advance,  or  in  the  rear  of,  a  hot-blast  conflagra- 
tion, nor  is  a  high-pressure  system  especially  flexible  to  check  the 
ramification  of  fire  as  at  Baltimore  in  1904. 

17  In  general  it  is  a  matter  of  choice  between  high-pressure 
hj^drants  and  portable  engines.  Both  plans  are  good  and  both 
plans  work  much  alike  as  to  results. 

18  The  Uniform  Hose  Thread.  Since  the  fire  department 
is  indispensable,  ability  to  double  up  departments  is  obviously 
Avise  and  Mr.  Griswold's  long  labors  and  separate  paper  on  this 
subject  are  exactly  in  point. 

19  The  Wafer  Curtain.  It  is  fair  to  say  that  a  water  curtain 
has  successfullv  held  off  some  heavy  fires,  but  never  a  developed 
hot-blast  conflagration.  The  fatal  weakness  of  the  water  curtain 
is  that  it  is  blown  away  or  at  least  scattered  by  the  brisk  breeze 
which  necevssarily  accompanies  a  hot-blast  conflagration.  The 
depth  of  the  spray  is  also  far  too  shallow. 

20  The  water  curtain,  as  shown  by  fire  record  results,  is  a 
valuable  safeguard  for  moderate  exposure  fires,  or  even  for  fairly 
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severe  exposure  when  favored  by  quiet  air,  but  fails  in  severe 
tests. 

21  The  Fireproof  Building.  The  typical,  so-called  "  fire- 
proof "  building,  having  merely  incombustible  floors,  roof  and 
walls,  cannot  debar  a  conflagration  (because  of  its  unprotected 
windows  and  large  volume  of  contents)  any  more  than  can  an 
ordinary  brick  building  with  a  good  roof. 

22  A  hot-blast  conflagration  moves  laterally,  and  a  "  fire- 
[)roof  "  building  in  its  path,  as  evidenced  at  Baltimore,  is  merely 
a  crate  which  holds  up  the  fuel  contents  in  position  for  free  burn- 
ing and  augments  the  general  hot  blast.  Such  buildings  have 
been  somewhat  successful  with  fires  in  small  rooms  containing, 
say  1000  lb.  of  fuel. 

23  It  is  contents,  not  buildings,  which  make  the  bulk  of 
property  loss;  contents,  not  buildings,  which  are  hazardous;  con- 
tents which  burn  buildings  in  most  cases,  and  the  low  fire  cost 
statistics  wdiich  purport  to  compare  European  engineering  with 
ours  include  cities  Avhich  show  a  low  fire  cost  from  sheer  poverty 
of  contents. 

24  Repeated  experience  shows  that  no  building  can  withstand 
the  heat  due  to  burning  any  large  quantity  of  contents  or  even 
very  moderate  contents  if  in  a  large  rotunda,  half  floor  office  or 
like  large  area,  constituting  in  effect  a  calorific  bomb  or  retort. 
The  writer  submits  to  all  w^ho  are  authorities  on  heat  the  feasibil- 
ity of  constructing  a  structure  of  l)ombs  or  retorts,  vented  or  not, 
each  capable  of  restraining  10,000  to  50,000  lb.  of  ignited  fuel, 
at  an  elevation,  and  also  filling  with  customary  taste  and  beauty 
the  needs  of  utility  and  health  for  habitation. 

25  The  fireproof  building  has  unequalled  habitability  and 
utility  and  also  lends  itself  admirably  to  conversion  into  a  piped 
liuilding  when  called  for,  and  even  more  excellently  lends  itself 
to  conversion  into  a  building  having  protected  windows. 

26  The  Horizontally  Divided  Building  is  designed  to  hold 
a  fire  from  rising  through  the  floors.  Repeated  experience  has 
proven  for  large  area  buildings  that  excessively  large  and  dan- 
gerous fires  develop  quickly  if  the  floors  are  not  fire  tight. 

27  Such  horizontal  division  is  obviously  of  no  value  against 
a  hot-blast  fire  moving  laterally  from  without,  and  it  also  does 
not  preveut  an  internal  fire  froui  jumping  from  floor  to  floor  on 
the  outside  of  the  building. 

28  Horizontal   fire-tight  construction   is   very   rarely   found 
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when  fire-tested,  its  worst  drawback  being  that  in  the  opinion  of 
the  public  it  injures  the  habitability  and  utility  of  the  build- 
ing, hence  all  sorts  of  concessions  are  made. 

29  The  Protected  Widow.  Protected  windows  can  debar  city 
conflagrations,  but  do  not  because  there  are  too  few  of  them, 
except  in  a  few  special  and  minor  localities. 

30  The  Piped  Building.  The  building  piped  with  fusible 
outlets,  whether  with  automatic  water  supply  or  with  water 
promptly  applied,  can  but  does  not  debar  city  conflagrations  for 
the  same  reason  given  respecting  the  protected  window. 

MEASURES  WHICH  CAN  DEBAR  CONFLAGRATION 

31  From  the  foregoing  it  appears  that  the  fire  limits,  the 
water  supply  and  the  fire  department  are  already  well  developed 
and  do  cope  with  all  fires  except  the  true  conflagration  types  of 
hot  blast  from  w^ithout  the  town  proper,  or  an  in-town  fire  which 
speedil}^  ramifies  through  innumerable  windows. 

32  Against  such  misfortune  we  have  the  successful  deflection 
experiences,  and  the  successful  absorption  experiences  mentioned 
at  the  beginning. 

DEBARMENT   OF    CONFLAGRATIONS   BY    DEFLECTION 

33  Taking  up  the  deflection  idea  first,  it  is  obvious  that  the 
Avails  of  existing  buildings  must  be  used  as  deflectors  and,  as, 
common  glass  has  no  fire  resisting  qualities,  the  window  open- 
ings must  be  closed  by  shutters,  or  wired  glass  in  metal  sash,  or 
equivalent. 

34  Experience  shows  that  when  a  hot  blast  reaches  a  building 
so  prepared  as  a  deflector,  failure  at  first  ensues,  the  heat 
promptly  radiates  through  the  wnred  glass  and  ignites  the  con- 
tents of  the  building,  or  the  shutters  leak  heat,  and  the  contents 
inside  ignite. 

35  Nevertheless,  there  is  a  retard  effect,  and  it  is  obvious 
that  if  other  buildings  located  to  the  right  or  left  of  the  center 
of  the  hot  blast  have  window  openings  similarly  stopped,  they 
must  suffer  less  and  the  elsewise  lateral  ramification  of  the  fire 
decrease. 

36  The  hot  blast  is  thus  largely  deflected  upward,  partly 
checked  and  less  able  to  cross  the  next  street  or  alley,  assuming 
protected  windows  throughout. 

37  Just  how  many  deflector  walls  and  air  spaces  could  be 
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jumped  or  burned  through  by  a  conflagration  of  given  severity 
is  a  matter  of  judgment  based  on  observation,  precisely  as  the 
extinguishing  power  of  a  hose  stream  is  a  matter  of  judgment 
from  experience,  not  reducible  to  exact  figures. 

38  The  writer  submits,  however,  that  if  all  the  alley  windows 
were  protected  and  also  all  the  street  windows  on  the  second 
floors  and  above  in  the  solid  three  and  four-story  parts  of  a  town, 
an  outlying  district  fire,  a  conflagration  could  not  then  bore  a 
hole  or  a  bay  into  such  a  district  deeper  than  through  four  de- 
flector walls  and  across  three  air  spaces,  which  would  mean  two 
blocks  and  three  streets,  or  a  very  wide  block  with  its  streets,  if 
divided  by  an  alley. 

39  Not  that  the  fire  would  be  put  out,  nor  that  tongues  and 
fire  brands  would  not  have  to  be  taken  care  of;  but  that  the  hot 
blast  would  be  deflected  upward  so  the  firemen  could  take  a  front 
stand  and  the  general  ramification  of  the  fire  cease  to  a  state  of 
normal  fire  department  control. 

DEBARl\rp:NT    OF    CONFLAGRATIONS    BY    ABSORPTION 

40  There  remains  but  one  other  known  means  to  regain  con- 
trol of  a  conflagration,  that  of  absorbing  the  hot  blast  by  means 
of  the  piped  building.  Experience  has  demonstrated  that  a  hot 
blast  can  be  absorbed  by  a  spray  if  the  spray  be  very  deep  and 
fairly  housed  from  the  wind  as  is  true  of  the  cage  of  spray  repre- 
sented by  a  sprinkler  installation  in  full  action  in  a  building 
whose  Avindows  have  burned  out. 

41  The  most  notable  demonstration  of  this  was  the  Brown- 
Durell  sprinklered  building  at  Boston  in  1893.  Inasmuch  as  this 
building  constituted  a  single  large  cage  of  spray  which  absorbed 
tlic  main  body  of  a  doMm-town  fire  that  was  wholly  beyond  con- 
trol, it  is  certain  that  a  row  of  such  cages  of  spray,  if  placed  at 
least  two  or  more  deep,  would  always  accomplish  the  sane  thing, 
and  do  so  without  the  aid  of  protected  windows. 

42  The  Avriter  submits  that  if  a  city  throughout  all  of  its 
three  and  four-story  and  higher  parts  be  composed  exclusively 
of  suitably  piped  buildings,  and  special  water  supply  be  pro- 
vided at  the  border  for  at  least  one  block  wide,  a  conflagration 
from  cheap  district  stufl'  without  could  not  burn  across  a  street, 
through  a  block  deep  of  spray,  and  across  the  next  street. 

43  As  before,  the  fire  would  not  be  put  out  and  fire  brands 
would  still  have  to  be  taken  care  of ;  but  there  would  be  no  rami- 
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ficatioii  of  fire  in  the  sprinlvlered  territory  and  there  would  be  a 
full  restoration  of  normal  fire  department  control. 

VALUES,    COSTS,    GAINS 

44  The  Boston  big  fires  proved  out  burnable  property  values 
at  a  rate  of  over  $500,000,000  per  square  mile,  and  it  is  well 
known  that  toda}^  there  are  several  city  centers  which  have 
grown  to  a  far  higher  rate  of  concentration  of  value. 

45  To  estimate  the  effect  of  debarring  conflagration  from  a 
city  district  by  retaining  the  fire  limits,  the  fire  department  and 
the  water  supply,  and  adding  thereto  by  equipping  all  buildings 
within  such  district  with  protected  windows  or  piped  buildings, 
it  seems  fair  to  assume  $250,000,000  per  square  mile  as  typical  of 
average  burnable  values  over  the  central  districts  of  our  twenty 
leading  cities. 

46  For  such  a  square  mile,  standard  automatic  sprinkler 
equipment  (including  masonry)  would  cost  about  four  per  cent 
of  the  burnable  values,  or  $10,000,000  per  each  square  mile  with 
fixed  charges  of  about  16  per  cent  per  year. 

47  Plain  piped  buildings  and  protected  windows  would  each 
cost  about  half  as  much,  or  $5,000,000  per  square  mile  for  either, 
and  each  would  have  fixed  charges  (about  the  same  as  the  build- 
ings), about  9  per  cent. 

48  The  savings  wdiich  can  be  computed  for  such  a  square 
mile,  with  protected  windows  or  with  piped  buildings  through- 
out, per  $100  of  burnable  values  per  year,  would  be: 

(A)  Elimination  of  conflagration  risk  (as  per  records) $0.33 

(B)  Reduction  of  every-day  fire  cost  due  to  exposure  between  individual 

buildings  (tariff  rebate) 0.07 

(C)  Reduction  of  fire  cost  occurring  within  standtu'd  equipped  sprinklered 

building  (tariff  rebate) 0.80 

(D)  Same  as  C,  but  for  plain  piped  buildings  (shown  later) 0.45 

49  Applying  the  foregoing  on  a  basis  of  sprinklered  build- 
ings alone  throughout  the  square  mile,  shows  investment  $10,- 
000,000;  fixed  charges  or  loss  $1,600,000  or  16  per  cent.  Gain 
A,  $825,000  or  8.25  per  cent.  Gain  B,  $175,000  or  1.75  per  cent. 
Gain  6',  $2,000,000  or  20  per  cent.  Net  gain  of  $1 ,400,000  or  14 
per  cent. 

50  Similarly  and  solely  for  protected  windows  shows  invest- 
ment of  $5,000,000  fixed  charges,  or  loss  $450,000,  or  9  per  cent. 
Gain  A,  $825,000  or  16.5  per  cent.    Gain  B,  $175,000  or  3.5  per 


956  DEBARMENT    OF    CITY    CONFLAGRATIONS 

cent.    Gain  C  or  D  nominal.    Net  gain  of  $550,000  or  11  per  cent. 

51  Similarly  and  scjlely  for  plain  piped  buildings  shows  in- 
vestment of  $5,000,000,  fixed  charges  or  loss  $450,000  or  9  per 
cent.  Gain  A,  $825,000  or  16.5  per  cent.  Gain  B,  $175,000  or  3.5 
per  cent.  Gain  Z>,  $1,125,000  or  22.5  per  cent.  Net  gain  $1,675,000 
or  33.5  per  cent. 

52  In  surveying  any  actual  square  mile  it  would  develop  that 
but  one  of  the  three,  viz.,  protected  windows,  automatic  pipes,  or 
plain  pipes,  would  best  suit  any  one  building,  and  this  would 
be  likely  to  result  in  a  detail  plan  calling  for  gross  investment 
of  about  three  per  cent  of  the  burnable  values  at  a  net  gain  of 
about  18  per  cent. 

53  But  figures  cannot  include  the  grief,  loss  of  work  and 
trade  folknving  every  large  conflagration. 

RESUME    OF    ADVANTAGES    AND    DISADVANTAGES 

54  Thus  far  this  paper  has  attempted  to  show  that  our  fire 
limits,  fire  departments  and  waterworks  are  today  well  devel- 
oped, and  that  protected  windows  or  piped  buildings  throughout 
the  costlier  districts  are  all  that  is  needed,  in  order  to  debar 
conflagrations. 

55  The  fire  limits,  the  fire  department  and  the  waterworks 
are  too  well  known  to  need  further  comment.  To  recapitulate 
the  advantages  and  disadvantages  of  the  protected  window  and 
the  two  types  of  piped  buildings : 

56  The  protected  window  delays  the  entry  of  severe  fires  and 
also  prevents  general  ramification  of  fire  through  innumerable 
window  openings. 

57  Not  that  the  pi-otected  window  does  this  perfectly,  because 
shutters  may  be  out  of  order  or  not  get-at-able  to  close  if  open, 
and  because  wired  glass  transmits  heat  by  radiation  very  rapidly. 
Nevertheless,  as  aided  by  existing  air  spaces,  alleys  and  streets, 
the  protected  windoAv  is  a  proven  success  in  practice,  whenever 
its  application  is  general. 

58  The  protected  window  is  beginning  to  be  required  in 
building  codes;  it  also  is  tangible  to  the  public  eye,  something 
that  can  be  seen  as  representing  a  fire  stop  or  check;  it  has  a 
simple  technical  structure  and  therefore  is  much  in  the  nature 
of  a  market  staple. 

59  When  in  wired  glass  form  it  has  some  working  advan- 
tages, at  least  for  skylights,  and  finds  favor  with  architects  on 
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the  better  class  of  buildings.  When  in  the  form  of  shutters,  the 
fire-stop  eif'ect  is  better  than  for  wired  glass,  but  this  is  largely 
offset  by  the  fact  that  shutters  do  not  get  the  care  which  comes 
to  a  window  which  is  in  more- or  less  constant  use. 

60  The  advantage  of  the  piped  building  with  automatic 
double-source  water  supply,  the  well  known  sprinklerecl  building, 
is  first  of  all  the  protection  to  life  that  is  att'orded.  Apparently 
this  specific  form  of  fire  protection  is  the  only  one  which  to  any 
dependable  degree  conserves  life.  An  experience  with  say  10,000 
buildings  over  a  period  of  about  15  years  gives  rise  to  the  state- 
ment that  no  life  has  ever  been  lost  in  a  building  so  equipped, 
either  by  fire  or  smoke,  and  to  the  best  of  the  writer's  knowledge 
this  is  literally  true. 

61  While  it  is  true  that  fires  occurring  under  sprinklers  are 
by  no  means  invariably  put  out  without  issue  of  smoke,  the  fact 
is  that  the  operation  of  an  automatic  sprinkler  system  develops 
a  powerful  drenching  spray  not  only  on  the  fire  but  around  it, 
and  compels  escaping  smoke  to  pass  through  a  dense  spray ;  and 
the  presumption  is  that  the  spray  takes  up  the  acrid  quality  and 
heavier  carbon  contents  of  the  smoke,  and  thus  has  much  to  do 
with  the  proven  fact  of  protection  to  life. 

62  AVhile  mathematical  safety  against  loss  of  life  by  fire  is 
probably  impossible,  it  is  W'ithin  the  truth  to  say  that  where 
people  are  in  masses,  or  are  asleep,  safety  cannot  exist  if  the  main 
hazards  are  not  under  the  automatic  sprinkler. 

63  A  second  advantage  of  the  automatic  sprinkler  system, 
and  the  one  most  in  point  under  the  title  of  this  paper,  is  that 
it  has  been  found  in  practice  that,  given  brick  buildings,  well 
secured  pipes,  and  reasonable  water  supply,  a  fire  even  when  of 
conflagration  magnitude  cannot  burn  completely  through  such 
spray  further  than  the  depth  of  one,  or  say  two,  buildings,  there- 
by debarring  far  spread  of  fire  from  without  into  such  a  district. 

64  A  third  advantage  of  this  type  of  piped  building  is  that 
the  fires  are  put  out  so  quickly  and  with  such  econoni}'^  of  water 
by  reason  of  its  accurate  application,  and  with  so  little  smoke 
and  so  great  a  reduction  of  the  harmful  quality  of  the  smoke  that 
the  aggregate  fire,  water,  and  smoke  damage  to  goods  is  far  less 
than  for  any  other  form  of  protection. 

65  The  main  advantage  of  the  plain  piped  building,  or  build- 
ing equipped  with  automatic  sprinklers  on  empty  piping  with 
exterior  hose  coupling  for  fire  department  use  and  relying  solely 
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on  the  fire  department  for  water  supply,  is  that  the  first  cost  and 
fixed  charges  make  it  applicable  to  the  medium  value  buildings. 

66  Another  advantage  is  that  of  safety  to  life,  compared  with 
that  of  buildings  not  piped  at  all,  because  in  practice  the  piping 
and  sprinklers  can  be  operated  nearly  as  quickly,  and  necessarily 
to  the  same  effect  as  do  automatic  water-supplied  sprinklers. 

67  Still  another  advantage  is  that  the  technique  and  upkeep 
essential  to  efficiency  are  far  less  than  with  the  full  standard 
automatic  sprinkler  equipment. 

68  The  main  disadvantage  of  the  protected  window  is  that  it 
is  non-commercial  in  the  every-day  sense,  inasmuch  as  it  protects 
only  between  neighboring  buildings  and  this  saving  averages  too 
small  to  cover  its  fixed  charges  through  cheaper  insurance,  par- 
ticularly as  it  saves  l)ut  little  on  the  cost  of  fires  originating  w- ith- 
in  the  building  itself. 

69  A  disadvantage  of  the  first  form  of  piped  building  (with 
standard  automatic  sprinkler  system)  is  that  it  is  a  special  engi- 
neering product,  technical  to  a  high  degree,  yet  depending  on 
this  quality  for  its  efficiency,  an  efficiency  seemingly  possible  to 
maintain,  yet  so  far  only  hj  a  few  skilled  contractors  and  experts. 
The  system  therefore  is  open  to  criticism  by  all  who  rail  at  any 
control  of  skill  or  service. 

70  Another  objection  to  this  form  of  piped  building  as  it 
now  is  applied  in  the  field  is  that  its  water  supplies  are  very  lib- 
erally taken  in  the  form  of  large  pipes  direct  from  city  mains 
through  the  influence  of  large  property  owners,  thereby  saving 
them  expense  of  providing  private  water  supply.  For  Manhat- 
tan Island  and  for  Chicago  this  is  not  serious  because  in  thase 
two  locations  city  water  is  of  too  low  a  pressure  to  be  generally 
available  for  such  supply.  But  in  some  of  our  cities  there  are 
too  few  sprinklered  buildings  to  check  a  conflagration  and  just 
about  enough  of  them  to  jeopardize  complete  crippling  of  water- 
works and  fire  department  at  a  time  of  conflagration  by  reason 
of  these  buildings  being  w^recked  in  detail  and  bleeding  the  gen- 
eral water  supply  through  the  breaking  of  large  pipes. 

71  Hence  another  disadvantage,  or  at  least  a  special  re(|uire- 
ment  for  a  piped  district,  would  be  that  the  border  of  such  dis- 
trict would  require  to  be  provided  with  water  supply  in  a  man- 
ner not  to  jeopardize  the  general  hydrant  system  of  the  city ;  and 
this  in  turn  would  necessitate  a  special  border  pipe  line  into 
which  water  would  be  pumped  or  admitted  under  control. 
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72  Still  another  disadvantage  of  standard  automatic  sprinkler 
equipment  is  that  it  is  expensive  in  first  cost  and  in  fixed  charges. 
The  investment  and  fixed  charges  do  not  have  any  fairly  constant 
relation  to  the  value  of  each  individual  building  plus  contents, 
and  also  at  city  labor  costs  are  usually  excessive,  except  for  the 
fewer  large  and  fairly  high  buildings. 

73  A  disadvantage  of  the  plain  or  empty  pipe  sprinkler  sys- 
tem is  that  this  mode  of  protection  has  as  yet  but  few  applica- 
tions; no  extended  study  has  been  given  the  art  of  cheap  extin- 
guishment of  fire  in  medium  value  property.  Another  disadvan- 
tage is  that  fire  department  practice  is  at  variance;  some  chiefs 
favor  and  ask  for  such  equipment,  and  others  evade  or  object  to 
any  change  or  extension  of  present  methods. 

74  It  does  not  seem  to  be  generally  realized  that  a  building 
in  a  down-town  district  does  not  burn  badl}^  before  the  depart- 
ment arrives.  Were  this  not  so,  any  modern  fire  department 
would  not,  as  the  records  show  year  after  year,  hold  the  fires 
within  moderate  loss,  except  0.003  to  0.005  of  the  total.  It  is  a 
fact  that  the  fire  department  does  arrive  (except  in  the  suburbs) 
while  the  fires  are  yet  incipient,  though  perhaps  inaccessible.  It 
seems  to  be  accepted  as  a  matter  of  course  that  a  costly  propor- 
tion of  buildings  shall  burn  and  soak,  subsequent  to  the  arrival 
of  the  department,  for  the  sole  reason  that  the  department  cannot 
quickly  put  ample  water  where,  and  only  where,  it  is  needed. 
Yet  to  do  the  latter  is  all  that  the  standard  automatic  sprinkler 
equipment  does  or  professes  to  do,  and  as  much  if  not  more  water 
can  be  supplied  to  empty  pipes  nearly  as  quickly  by  firemen  as 
by  a  private  tank. 

75  Even  in  a  case  of  purposely  delayed  alarm  and  sprinklers 
shut  off  (incendiary),  the  writer  has  seen  work  done  in  this  man- 
ner by  only  one  steamer  with  wonderful  success,  extinguishing 
a  four-story  fire  which  otherwise  Avould  have  required  many  hose 
streams,  and  this  after  there  was  no  time  to  lay  so  much  hose, 
much  less  set  up  ladders  and  crews. 

76  The  fire  cost  of  plain  piped  buildings  would  admittedly 
be  greater  than  for  a  standard  sprinkler  equipirent  because  while 
there  would  be  no  failures  through  tanks  down  or  pipes  frozen 
or  valves  shut  off,  the  fire  department  would  not  put  water  on 
the  fires  at  quite  as  early  a  stage  of  incipiency. 

77  A  w^illing  fire  department,  however,  would  put  water  on 
the  fire  through  such  pipes  while  a  fire  was  yet  incipient,  because 
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our  fire  department  records  show  that  the  vast  majority  of  down- 
town fires  are  not  put  out  while  incipient  by  quick  work  with 
light  appliances. 

78  To  pay  for  the  larger  surface  fires  and  the  greater  number 
of  sprinkler  heads  or  fusible  outlets  which  would  therefore  open 
and  make  water  damage  in  practice  with  plain  pipes  as  com- 
pared with  standard  automatic  sprinkler  equipment,  the  figures 
given  earlier  allow  for  the  typical  square  mile,  $875,000  per  year, 
which  would  seem  excessive,  to  say  nothing  of  a  further  offset 
of  $1,150,000  reduction  of  annual  fixed  charges. 

79  However,  the  standard  automatic  sprinkler  system  has 
been  fully  demonstrated  for  over  20  years  and  also  about  20 
years  ago  was  a  little  better  from  an  economical  point  of  view, 
fixed  charges  considered,  than  it  is  today,  yet  it  is  but  just  com- 
ing into  its  own.  All  of  this  goes  to  show  that  the  plain  piped 
building  must  in  turn  wait  for  recognition  and  extend  in  applica- 
tion by  degrees. 


ALLOWABLE  HEIGHTS  AND  AREAS  FOR 
FACTORY  BUILDINGS 

By  Ira  H.  Woolson 

ABSTRACT  OF  PAPER 

Factory  buildings  of  excessive  heights  or  areas  have  long  been  recognized  by 
underwriting  organizations  as  a  grave  danger  to  life  and  property,  owing  to  the 
difficulty  of  controlling  fires  in  them.  The  men  best  fitted  to  determine  safe 
limits  of  heights  and  areas  are  fire  marshals  and  fire  chiefs,  and  accordingly  the 
writer  communicated  with  all  such  in  the  United  States  representing  cities  of 
over  20,000  population.  RepHes  w^re  received  from  117  representative  cities; 
these  have  been  summarized  and  form  the  basis  of  the  paper. 
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Member  of  the  Society 

In  the  design  of  factory  buildings,  one  of  the  vital  features 
tending  to  control  the  spread  of  fire  is  a  judicious  limitation  of 
height  and  area.  It  is  self-evident  that  whatever  restricts  a  fire 
reduces  the  life  hazard.  Owing  to  the  supreme  importance  of 
these  two  subjects,  a  person  contemplating  the  erection  of  a  build- 
ing of  this  class  should  give  careful  consideration  to  the  history 
of  fires  in  such  buildings,  and  the  experience  gained  in  fighting 
them.  The  question  is  more  acute  in  this  class  of  buildings  than 
in  any  other  because  of  the  fire  hazard  which  exists  in  them,  and 
the  economic  advantages  due  to  reduced  costs  in  construction  and 
supervision,  when  several  large  areas  are  housed  under  a  single 
roof.  Just  where  to  draw  the  line  so  as  to  produce  reasonable 
safety  without  prejudice  to  building  investments  is  the  problem. 

2  Factor}^  buildings  of  excessive  heights  or  areas  have  long 
been  recognized  by  underwriting  organizations  as  a  grave  danger 
to  life  and  property,  owing  to  the  difficulty  of  controlling  fires 
in  them.  They  have  for  years  urged  limitations  which  have  been 
freely  ignored  by  ambitious  architects  and  factory  owners,  be- 
cause the  suggested  restrictions  were  considered  unreasonably 
drastic.  The  evidence  produced  in  this  paper  strongly  supports 
the  limitations  which  were  advocated. 

3  It  is  logical  to  assume  that  the  men  best  fitted  to  determine 
safe  limits  of  heights  and  areas  are  the  men  who  have  made  a 
life  work  of  combatting  fires  under  all  conditions  of  weather  and 
hazard.  With  this  idea  in  mind,  the  writer  communicated  with 
all  the  fire  marshals  and  fire  chiefs  in  the  United  States  represent- 
ing cities  of  over  20,000  population.  A  set  of  eight  questions  and 
a  letter  of  explanation  were  sent  to  each.    Fire  chiefs  as  a  class 
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are  not  good  technical  correspondents,  therefore  it  was  not  sur- 
prising that  only  one-third  of  the  men  addressed  responded  to 
the  appeal.  However,  replies  were  received  from  117  representa- 
tive cities  well  distributed  as  to  size  and  geographical  location. 
These  have  been  summarized  and  form  the  basis  of  this  paper. 
A  few  of  the  replies  indicated  a  misunderstanding  of  the  ques- 
tions, and  these  were  discarded.    The  questions  Avere  as  follows : 

1  What  should  be  the  greatest  height  allowed  for  manufacturing  or 

warehouse  buildings  without  sprinkler  equipment? 

Brick  and  joist  construction Height  in  ft. — or  No.  of  Stories — 

Fireproof  construction Height  in  ft. — or  No.  of  Stories — 

2  Take  the  same  question  as  No.  1,  but  assume  the  buildings  to  be  fully 

equipped  with  automatic  sprinklers.     What  height  would  you  ap- 
prove? 

Brick  and  joist  construction Height  in  ft. — or  No.  of  Stories — 

Fireproof  construction Height  in  ft. — or  No.  of  Stories — 

3  Wliat  should  be  the  greatest  floor  area  allowed  in  the  same  class  of 

buildings  without  sprinkler  equipment? 

Brick  and  joist  construction Area  in  sq.  ft. — or  Width — ft.  Length- -ft. 

Fireproof  construction Area  in  sq.  ft. — or  Width— ft.  Length — ft. 

4  If  the  same  buildings  were  fuUy  equipped  with  automatic  sprinklers 

what  area  would  you  approve? 

Brick  and  joist  construction Ai-ea  in  sq.  ft. — or  Width — ft.  Length — ft. 

Fireproof  construction Area  in  sq.  ft. — or  Width — ft.  Length — ft. 

4  Each  building  was  assumed  as  a  good  one  of  its  class,  with 
enclosed  stairwaj^s  and  elevator  shafts;  and  the  chiefs  were  re- 
quested to  base  their  answers  upon  experience  in  fighting  fires 
in  the  class  of  buildings  described,  and  to  assume  restrictions 

TABLE  1     GENERAL  AVERAGE  OF  99  TO  111  REPLIES  RECEIVED  FROM  ALL 

CLASSES  OF  CITIES  ^ 

Stories  in  Area  between  Fire 

Type  of  Building                                Height  Walls  in  Sq.  Ft. 

Non-Fireproof,  not  Sprinklered 3.1  6,300 

Fireproof,  not  Sprinklered 4.9  12,300 

Non-Fireproof,  Sprinklered 4.6  12,800 

Fireproof,  Sprinklered 7.0  27,100 

Average  story  height  was  12  to  13  ft. 

which  would  aiford  a  reasonable  chance  of  controlling  a  fire  on 
any  floor. 

5  Naturally,  and  quite  properly,  the  replies  reflect  the  local 
conditions,  such  as  the  efficiency  of  the  fire  department,  the  water 
pressure,  the  combustibility  of  the  goods  being  manufactured, 

^  The  variation  in  the  number  of  replies  (averaged)  resulted  from  some  in- 
complete answers. 
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the  number  of  sprinkler  equipments  in  service,  and  the  degree  of 
congestion  among  the  buildings.  However,  all  conditions  were 
represented,  and  the  siunmary  ot  so  large  a  number  of  opinioi)s 
should  indicate  fairh'  well  the  average  condition  throughout 
the  country.     (See  Table  1.) 

G  The  answers  regarding  allowable  heights  were  much  more 
uniform  than  those  relative  to  area.  It  is  significant  that  83  per 
cent  of  the  replies  would  limit  the  height  of  a  fireproof  sprin- 
klered  factory  building  to  less  than  ten  stories.  The  opinions  in 
reference  to  height  of  the  otlier  classes  of  buildings  were  exceed- 
ingly uniform,  and  consistently  low. 

7  Replies  as  to  permissible  areas  in  sprinklered  buildings 
were  widely  divergent,  but  for  the  unsprinklered  classes  they 
were  more  uniform  than  would  naturally  be  expected  considering 
the  great  diversity  of  conditions  under  which  they  were  prepared. 

8  It  is  evident  from  the  figures  given,  that  the  fire  chiefs 
have  no  settled  policy  among  themselves  as  to  the  credit  that 
should  be  given  to  an  automatic  sprinlder  equipment  as  a  fire 
extinguishing  device.  A  few  enthusiasts  would  permit  unlimited 
area  in  a  sprinklered  building,  while  on  the  other  hand  a  consid- 
erable number  would  give  very  little  or  no  increase,  when  sprin- 
klers are  installed.  Two  chiefs  stated  that  their  unfortunate 
experiences  with  sprinklers  had  caused  them  to  lose  faith  in  their 
reliability.  As  a  whole,  however,  they  are  strongly  in  favor  of 
sprinklers  and  are  inclined  to  permit  over  generous  areas  in 
buildings  so  equipped. 

9  In  order  that  the  replies  may  be  intelligently  interpreted 
they  have  been  separated  into  three  groups,  Tables  2,  3,  4,  accord- 
ing to  size  of  the  city  represented,  and  each  group  has  been  ana- 
lyzed to  show  the  character  of  the  answers  given  to  each  ques- 
tion. 

10  In  the  cases  referred  to  by  an  asterisk,  where  no  limits  to 
areas  were  given,  they  were  not  included  in  the  averages,  but 
were  counted  in  the  columns  giving  the  number  of  answers  above 
the  average.  In  each  group  it  will  be  noted  that  about  the  same 
number  of  men  gave  high  answers  to  all  questions,  the  proportion 
being  one-quarter  to  one-half  of  the  number  in  the  group.  The 
uniformity  of  height  limits,  and  the  lack  of  it  in  the  area  limits, 
is  very  apparent  in  all  groups.  It  will  be  noted  that  the  largest 
area  values  are  given  in  Groups  I  and  II,  comprising  the  smaller 
cities.    This  is  significant,  and  needs  explanation. 
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TABLE  2.    GROUP  I     SUMMARY  OF  ANSWERS  FROM  52  CITIES  WITH  A  POPULA- 
TION OF  20,000  TO  50,000 


• 

Stories 

in  Height 

Answers 

above 

Average 

Area 

in  Square 

Feet 

Answers 

Type  of  Huilding 

Average 

Max. 

Min. 

Average 

Max. 

Min. 

Average 

Non-Fireproof,  not  Sprink- 

2.8 

6 

1 

13 

6,000 

20,000 

1,150 

15 

Fireproof,  not  Sprinklered.. 

4.4 

10 

2 

24 

12,600 

60,000 

1,150 

15 

Non-Fireproof,  Sprinklered 

4.1 

8 

2 

17 

12,300 

*60,000 

3,000 

17 

Fireproof,  Sprinklered 

6.3 

12 

3 

18 

27,300 

*180,000 

5,000 

20 

*  Four  votes  received  in  favor  of  "no  limit  to  area"  in  this  class. 

TABLE  3.     GROUP  II     SUMMARY    OF  ANSWERS  FROM  23  CITIES  WITH  A  POPU- 
LATION OF   50,000  TO    100,000 


Stories  in  Height 

Answers 

above 

Average 

Area 

in  Square 

Feet 

Answers 
above 

Type  of  Building 

Average 

Max. 

Min. 

Average 

Max. 

Min. 

Average 

Non-Fireproof,  not  Sprink- 

3.2 

6 

1 

8 

8,300 

40,000 

2,500 

5 

Fireproof,  not  Sprinklered.. 

5.2 

10 

1 

6 

14,800 

60,000 

2,400 

4 

Non-Fireproof,  Sprinklered 

4.8 

10 

3 

5 

16,300 

75,000 

1,500 

5 

Fireproof,  Sprinklered 

7.7 

20 

4 

5 

36,300 

200,000 

4,000 

5 

TABLE  4.     GROUP  III     SUMMARY  OF  ANSWERS  FROM  36  CITIES  WITH  A  POPU- 
LATION OF  100,000  AND  OVER 


Stories 

in  Height 

Answers 

above 
Average 

Area  in  Square 

Feet 

Answers 

Type  of  Building 

Average 

Max. 

Min. 

Average 

Max. 

Min. 

Average 

Non-Fireproof,  not  Sprink- 

3.5 

7 

1 

17 

5,400 

10,000 

900 

15 

Fireproof,  not  Sprinklered.. 

5.3 

9 

2 

18 

9,800 

22,500 

2,400 

10 

Non-Fireproof,  Sprinklered 

5.0 

10 

3 

15 

11,300 

22,500 

900 

13 

Fireproof,  Sprinklered 

7.5 

12 

4 

16 

19,400 

*80,000 

2,500 

9 

*  Two  votes  received  in  favor  of  "no  limit  to  area"  in  this  class. 
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11  Occasionally^  the  fire  chief  of  a  small  city  has  experience 
which  would  abundantly  qualify  him  to  estimate  properly  the 
merits  of  fireproof  construction  and  sprinkler  equipments ;  more 
often,  however,  his  city  has  meager  protection  of  this  kind,  and 
consequently  he  has  little  opportunity  to  judge  of  their  efficiency, 
and  it  is  not  strange  that  he  should  be  a  bit  extravagant  in  the 
credit  he  would  give  them. 

12  The  most  rigid  restrictions  on  area  are  found  in  Group 
III  embracing  the  large  cities.  As  fireproof  construction  and 
sprinkler  equipments  are  common  in  most  of  our  large  cities,  it 
is  reasonable  to  assume  that  the  fire  chiefs  of  such  cities  would 
have  had  much  more  experience  with  such  methods  of  protection, 
and  be  better  able  to  decide  what  increase  should  be  given  in  the 
size  of  a  building  when  such  protection  is  provided,  than  their 
less  experienced  fellow  officers  in  smaller  towns.  It  is  thought 
quite  proper  to  assume  that  their  figures  are  more  nearly  correct 
and  should  be  given  the  most  weight. 

13  Significant  evidence  in  support  of  this  argument  is  found 
in  the  fact  that  four  chiefs  who  give  no  limit  to  areas  in  non-fire- 
proof and  fireproof  sprinklered  buildings  are  located  in  cities 
having  a  population  of  less  than  50,000  in  which  there  are  few 
fireproof  factory  buildings  or  sprinkler  equipments.  On  the  other 
hand  only  two  chiefs,  in  cities  over  100,000  population,  suggest  a 
"  no  limit  area  "  in  a  fireproof  sprinklered  building,  and  none  ap- 
proves such  areas  for  non-fireproof  buildings. 

14  With  these  thoughts  in  view,  Table  1  has  been  changed 
somewhat  to  be  more  in  accord  with  the  weight  of  evidence.  It 
is  believed,  therefore,  that  Table  5  represents  more  correctly  the 
consensus  of  opinion  among  the  fire  chiefs  of  the  country  best 
qualified  to  judge  as  to  what  should  be  the  proper  limits  of  height 
and  area  for  factory  buildings. 

TABLE  5     ALLOWABLE  HEIGHTS  AND  AREAS  IN  FACTORY  BUILDINGS 

Stories  in  Area  between  Fire 

Type  of  Building                                      Height  Walls  in  Sq.  Ft. 

Brick  and  Joist  Construction,  not  Sprinklered.     3  6,000 

Fireproof  Construction,  not  Sprinklered 5  10,000 

Brick  and  Joist  Construction,  Sprinklered.  ...     5  13,000 

Fireproof  Construction,  Sprinklered 7  20,000 

15  These  values  might  be  increased  somewhat  under  the  influ- 
ence of  especially  favorable  local  conditions,  as  previously  ex- 
plained, but  the  writer  submits  that  as  they  represent  the  average 
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deliberate  judgment  of  such  a  large  body  of  men,  so  well  quali- 
fied to  estimate  the  hazard  which  the  values  involve,  they  should 
be  given  careful  consideration,  and  should  be  increased  only  with 
the  utmost  caution. 

EXTRACTS   FROM    FIRE    CIIIEFs'   LETTERS 

IG  The  following  extracts  froui  letters  received  from  different 
fire  chiefs  in  connection  with  this  investigation  may  be  of  interest 
as  indicating  their  attitude  of  mind  in  relation  to  the  questions 
asked : 

"In  my  opinion,  from  a  fire-fighting  standpoint,  no  building  should  be  built 
over  eight  stories." 

"In  our  city  there  is  room  to  grow  on  the  ground  without  building  high  in  the 
air.  It  is  almost  impossible  for  a  public  fire  department  to  fight  a  fu"e  from  the 
outside  above  75  ft." 

"The  figures  given  mean  that  every  66  ft.  by  66  ft.  should  have  a  brick  wall 
through  length  of  building  with  Underwriters'  doors;  same  to  be  double.  As  for 
width,  in  no  case  over  66  ft.  wide;  with  solid  wall,  same  to  reach  above  roof  at 
least  6  ft.    Build  on  ground  not  in  air." 

"A  building  8  or  10  stories  high,  out  in  the  open  where  it  can  be  attacked  from 
all  sides  should  be  handled  very  readily  by  a  modern  equipped  fire  department." 

"I  think  that  a  factory  should  never  be  more  than  four  stories  high.  I  almost 
feel  that  there  is  no  such  thing  as  fireproof  construction  from  my  own  experience. 
I  know  that  it  is  possible  to  store  enough  material  in  any  building  to  biu'n  it. 
I  am  very  much  in  favor  of  dividing  rooms  in  factories  with  fire-resisting  walls, 
provided  with  automatic  fire  doors." 

"While  fireproof  construction  is  the  best,  it  is  the  contents  placed  therein  that 
is  the  hazard  to  fife  and  property.  Buildings  should  not  be  constructed  to  a 
greater  height  than  can  be  reached  by  fire  department  ladders;  85  ft.  to  upper 
windows." 

"In  my  opinion  no  warehouse  building  ought  to  be  over  one  story  in  height. 
In  regard  to  manufacturing  buildings,  I  will  say  that  I  do  not  approve  of  any  of 
these  buildings  being  over  three  stories  in  height.  If  they  want  room,  let  them 
build  in  length  and  not  so  high;  that  is  just  what  makes  such  bad  fires.  These 
buildings  have  all  kinds  of  combustible  material  in  them  and  they  are  sure  to 
jump  to  another  building  if  they  are  four  or  five  stories  in  height." 

"It  is  my  opinion  that  all  buildings  for  manufacturing  and  warehouses  should 
be  sprinklered,  and  not  built  higher  than  what  the  water  supply  will  furnish  and 
cover." 

"Do  not  think  any  fire  department  can  successfully  fight  a  large  fire  over  six 
stories  high,  and  ten  stories  allowed  only  when  there  are  two  sources  of  water 
supply  with  good  pressure." 

"Area  of  sprinklered  and  unsprinklered  buildings  should  be  about  the  same, 
on  account  of  increase  in  height  allowed  for  fireproof  buildings." 

"All  buildings  of  character  named  should  be  sprinklered." 

"Joisted  brick  construction  should  not  be  allowed  without  sprinklers." 

"I  think  a  good  sprinkler  system  is  one  of  the  best  fire  preventions  that  has 
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been  invented  in  a  great  many  years,  and  if  kept  up  properly,  it  is  pretty  hard 
for  fires  to  get  away." 

"If  I  had  my  way  I  would  not  allow  any  manufacturing  plant  to  do  business 
until  it  were  properly  sprinklered.     It  does  things  when  they  should  be  done." 

"My  experience  with  the  28  factories  in  this  city  has  been  that  th(>  sprinkler 
systems  are  out  of  order  much  of  the  time.     Not  looked  after  properly." 

"This  department  has  had  no  unfortunate  experience  with  the  sprinkler  sys- 
tem, but,  I  do  not  feel  inclined  to  depend  upon  them." 

"The  reason  for  not  showing  more  favor  to  sprinklered  risks,  is  because  our 
experience  with  sprinkler  systems  in  this  city  has  shown  them  to  be  unsatis- 
factory, and  not  to  be  depended  on." 

"Stairs  should  be  of  steel  without  any  wood  sides;  if  any  wood  in  the  con- 
struction then  there  should  be  sprinkler.-;.  Should  be  sprinklers  in  all  elevators 
even  if  they  are  enclosed,  for  an  elevator  is  a  bad  air  shaft.  Brick  factories  cut 
up  with  wooden  partitions  are  generally  hard  fires  to  fight." 

"I  do  not  approve  of  small  rooms  in  factories,  they  make  it  very  hard  for  a 
fireman  to  fight  his  way  through  smoke  trying  to  find  a  fire  when  a  building  of 
this  kind  is  partitioned  off  so  much." 

"In  considering  the  limiting  of  height  and  area  of  a  building,  the  question  of 
accessibility  should  play  an  important  part." 


STEEL  PASSENGER  CAR  DESIGN 

111  the  May  issue  of  The  Journal  was  published  a  collection  of 
IH  papers  upon  the  subject  of  Steel  Passenger  Car  Design,  given 
at  the  New  York  meeting  of  the  Society  on  April  8.  The  dis- 
cussion which  followed  the  presentation  of  these  papers  at  the 
meeting  is  published  herewith. 

DISCUSSION 

George  Gibbs.  On  this  occasion  w^hen  the  subject  of  steel  pas- 
senger car  design  is  under  discussion,  it  may  be  of  interest  to 
make  a  brief  reference  to  the  early  history  of  this  important 
innovation  in  railway  operation  which  had  its  origin  in  connec- 
tion with  the  provision  of  car  equipment  for  the  first  rapid 
transit  subway  in  the  City  of  New  York.  The  writer  was  at 
that  time  consulting  engineer  of  the  subway  construction  com- 
pany in  charge  of  car  design  and  construction.  It  was  obvious 
that  the  exacting  requirements  of  the  contemplated  service,  which 
involved  tunnel  operation  at  a  high  schedule  speed  with  closely 
spaced  trains  crowded  with  passengers,  must  be  conducted  with 
all  possible  precaution  against  accident  and,  further,  in  a  way 
such  as  to  minimize  the  fatal  consequences  of  any  accident  which 
might  occur  in  spite  of  such  precautions.  The  two  consequences 
most  to  be  feared  from  an  accident  are  the  breaking  up  of  the 
cars  in  the  train  and  the  setting  of  a  fire  in  the  wreckage;  on  an 
open  railway  line  the  consequences  of  these  are  serious  enough, 
but  in  a  subway  or  tunnel  they  are  potentially  much  worse,  be- 
cause of  the  confined  space  which  prevents  the  prompt  escape  of 
passengers  from  the  wreckage. 

Cars  for  such  service,  therefore,  should  be  protected  in  an  un- 
usual degree  against  the  possil)ility  of  telescoping  in  an  accident, 
and  the  electric  apparatus  should  be  installed  in  a  way  such  as 
absolutely  to  prevent  the  setting  of  fires.  Incombustible  metal 
cars  were  naturally  suggested  as  the  solution  of  the  problem,  but 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  discussion  is  subject  to  revision. 

971 


972  STEEL    PASSENGER    CAR    DESIGN 

in  the  latter  part  of  1901,  when  the  question  of  car  design  was 
taken  up  for  the  subway,  it  seemed  impracticable  to  consider 
the  adopticjn  of  an  all-steel  car  for  the  large  amount  of  equip- 
ment required,  because  of  the  fact  that  no  practical  steel  passen- 
ger cai's  had  ever  been  constructed  and  it  was  evident  that  to 
develop  a  serviceable  type  a  number  of  very  serious  mechanical 
probleuis  had  to  be  attacked  by  thorough  study  and  experimenta- 
tion. Not  least  among  the  problems  was  that  of  keeping  the 
weight  of  a  metal  car  within  reasonable  bounds,  without  sacrific- 
ing its  strength  and  serviceability;  light  weight  being  an  essen- 
tial reciuirement  in  rapid  transit  operation. 

As  the  best  practical  solution  of  the  car  question,  it  was,  there- 
fore, decided  to  provide  wooden  cars  initiall}^,  but  to  make  theui 
of  an  advanced  type  with  metal  underframes,  protected  floors 
and  cop})er-sheathed  sides,  and  to  mount  the  electric  apparatus 
in  incoml)ustible  envelopes.  Tliese  cars  were  rightly  considered 
at  the  time  a  great  advance  upon  previous  practice  in  safeguard- 
ing against  accidental  fires.  The  first  lot  of  500  of  these  pro- 
tected wooden  type  subway  cars  Avas  ordered  in  December  1902. 

While  it  was  necessary  to  insure  the  operation  of  the  subway 
at  the  date  set  for  its  opening  by  providing  the  initial  car  equip- 
ment, the  writer  believed  the  steel  car  feasible,  and  in  this  view 
he  was  encouraged  by  George  Westinghouse,  under  whose  stimu- 
lating advice  he  was  led  to  persevere  in  efforts  to  develop  a  metal 
car  at  the  earliest  possible  date.  A.  J.  Cassatt,  president  of  the 
Pennsylvania  Eailroad,  was  also  impressed  with  the  necessity 
for  noncombustible  cars  in  tunnel  service,  as  the  great  project 
of  the  Pennsylvania  road  in  building  a  tunnel  entrance  into  New^ 
York  City  was  then  in  progress.  He  accordingly  offered  to  the 
subway  company  the  facilities  of  the  Altoona  shops  to  build,  in 
the  quickest  possible  time,  a  sample  steel  car,  the  design  of  which 
the  writer  had  completed  in  October  1902.  August  Belmont, 
president  of  the  Rapid  Transit  Subway  Construction  Company, 
concurred  in  this  arrangement  and  early  in  1903  the  Altoona 
shops  started  upon  the  construction  of  this  car,  which  was  com- 
pleted in  December  of  that  year.  Realizing  the  many  difficulties 
which  would  be  encountered  in  getting  material  promptly  at  that 
time,  commercial  shapes  were  quite  generally  used  in  the  design, 
and  the  car  as  built  was  found,  therefore,  to  be  quite  heavy  and 
not  altogether  sightly  in  appearance. 

The  company  still  needed  -UX)  cnrs  to  comph:'te  the  early  re- 
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quirements  of  the  subway  operation  and  it  became  a  question  of 
immediate  necessity  to  determine  whether  these  cars  should  be 
of  wood  or  be  of  the  all-steel  construction.  The  writer  was  able, 
from  experience  with  the  sample  car,  to  develop  a  new  design 
and  at  a  meeting  of  the  executive  committee  of  the  subway  con- 
struction company  early  in  1904,  he  definitely  recommended  the 
letting  of  contract  for  200  of  the  new  design  of  steel  cars.  On 
the  strong  endorsement  of  E.  P.  Bryan,  general  manager  of 
the  road,  Mr.  Belmont  decided  to  venture  upon  this  impor- 
tant innovation  in  railroad  operation.  The  contract  for  the 
200  steel  cars  was  accordingly  let  in  March  1904,  and  folloAved 
October  of  the  same  year  by  100  more.  Both  these  contracts  were 
taken  by  the  American  Car  &  Foundry  Company,  wdiich  had  the 
courage  of  its  convictions  in  assuming  the  heavy  responsibility 
of  turning  out  these  large  orders  at  specified  time  and  at  a  price 
Avhich  was  not  out  of  line  with  that  of  the  previous  wooden  cars. 
A  number  of  these  cars  were  received  in  time  for  the  opening  of 
the  subway,  October  27,  1904,  and  are  running  today. 

During  the  same  3^ear  the  writer,  who  also  had  charge  of  the 
electrification  of  the  Long  Island  Railroad,  placed  an  order  for 
122  steel  electric  motor  cars  of  practically  the  same  design  as 
the  subway  cars;  this  service  started  June  28,  1905.  The  Long 
Island  W'as  the  first  steam  railroad  in  the  country  to  adopt  steel 
cars  for  its  passenger  service. 

The  New  York  Central  a  year  later  placed  an  order  for  125 
steel  cars  and  inaugurated  their  electric  service  from  the  Grand 
Central  Station  in  January  1907. 

The  Pennsylvania  Railroad,  as  result  of  the  progressive  action 
of  Mr.  Cassatt,  endorsed  by  Samuel  Rea,  then  vice-president  of 
the  company,  adopted  steel  passenger  cars  for  all  trains  coming 
into  the  new  terminal,  a  decision  which  has  since  had  a  far-reach- 
ing efi'ect  upon  the  standards  of  all  raihvays  of  the  country.  The 
(juestion  of  the  best  design  for  through  passenger  train  cars  was 
taken  up  exhaustively  and  systematically  by  this  company  and 
was  made  the  subject  of  a  report  by  a  special  committee  of  its 
o])erating  officials  in  May  1909.  Today  this  company  has  in  ser- 
vice 2139  steel  passenger  cars,  excluding  a  large  number  of  sleep- 
ing and  parlor  cars  of  the  Pullman  Company,  and  builds  no 
other  type. 

William  F.  Kieskl,  Jr.  The  method  of  suspension  described 
by  Mr.  Sumuiers  may  lie  very  good  on  short  cars,  but  with  long 
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cars,  especially  passenger  cars,  it  does  not  seem  sufficiently  flexi- 
ble in  the  trucks  to  avoid  unbalancing  and  putting  the  cars  out 
of  shape.  The  bodies  are  long  and  the  cars  have  some  flexibility, 
but  in  some  cases  the  tracks  are  such  that  it  is  necessary  to  have 
excessive  provisions  for  flexibility  aside  from  that  in  the  truck. 

John  A.  Pilcher.  Referring  to  Par.  2  of  Mr.  Summers'  paper 
on  Suspension  of  Steel  Cars,  the  question  of  the  amount  of  wind 
that  has  to  be  taken  up  between  the  two  trucks  on  the  car  seems 
to  be  exaggerated;  in  approaching  a  curve  the  rise  in  elevation 
of  the  outer  rail  is  about  1  in.  in  50  ft.  On  the  ordinary  modern 
passenger  car  truck  centers  are  about  50  ft.  apart  so  that  the 
total  amount  of  wind  is  about  1  in.  measured  at  the  rails.  Con- 
sidering the  car  w^eighs  130,000  lb.,  with  trucks  approximately 
20,000  lb.  each,  and  the  car  body  about  90,000  lb.,  in  order  to  take 
care  of  the  wind  in  the  track,  the  springs  on  the  diagonals  of  the 
car  would  have  to  compress  I/2  in.  more  than  the  springs  on  the 
opposite  diagonal  assuming  the  springs  as  over  the  rails.  On 
this  same  car  this  would  mean  that  two  diagonals  would  have 
20,150  lb.,  and  the  opposite  two  24,850  lb.,  or  a  difference  of  4700 
lb.    This  difference  in  deflection  is  taken  from  actual  springs. 

To  analyze  this  in  connection  with  the  swinging  hangers,  as- 
sume these  hangers  to  be  11  in.  long,  and  to  be  located  at  an  angle 
with  a  vertical  of  28  deg.  8  min.,  which  is  about  that  shown  in 
the  cut,  and  also  assume  that  they  are  located  approximately  over 
the  track  (the  movement  would  have  to  be  decreased  or  increased 
in  proportion  to  their  distance  from  the  rail  inside  or  outside) 
with  a  load  of  22,500  lb,  for  each  group  of  hangers. 

In  order  to  take  care  of  the  same  amount  of  wind  in  the  track 
as  considered  in  connection  with  the  springs,  that  is,  1/2  in.  differ- 
ence in  elevation  on  the  opposite  sides  of  the  track,  the  angle 
would  be  decreased  to  25  deg.  35  min.  on  one  side,  and  increased 
to  approximately  30  deg.  45  min.  on  the  opposite  side  in  order 
to  bring  about  stable  equilibrium.  The  vertical  loads  would 
amount  to  24,935  lb.  on  one  side,  and  20,065  lb.  on  the  opposite 
side,  or  a  difference  of  4870  lb.,  just  a  little  more  than  when  the 
springs  were  used.  In  calculating  the  deflection  of  the  springs 
only  the  deflection  of  the  bolster  springs  was  taken  into  consid- 
eration; the  equalizer  springs  would  also  have  to  take  an  addi- 
tional load,  and  would  help  to  reduce  the  difference  of  loads  nec- 
essary to  bring  about  the  proper  amount  of  deflection. 
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Looking  at  a  car  from  the  rear  approaching  a  curve,  when  the 
front  truck  enters  the  curve  the  centrifugal  force  at  that  point 
would  tend  to  throw  the  car  body,  relative  to  the  truck,  actually 
in  the  opposite  direction  from  what  it  should  move  in  order  to 
equalize  the  stresses.  This  would  put  additional  torque  in  the 
body  of  the  car,  which  would  not  be  present  in  the  case  when 
springs  only  take  care  of  this  movement.  The  torque  would  be 
rather  reduced  at  the  time  of  entering  the  curve  when  the  springs 
only  are  used. 

When  both  trucks  are  on  the  curve  all  of  the  wind  is  out  of 
the  car;  the  centrifugal  force  in  that  case  throws  the  car  body 
toward  the  outside,  and  would  tend  to  augment  the  lift  in  the 
track  on  the  outside,  wdiich  is  hardly  desirable. 

Angular  hangers,  while  they  may  not  have  been  intended  for 
the  purpose  described,  have  been  in  use  for  a  number  of  years. 
It  is  very  questionable  whether  they  are  of  any  advantage. 

S.  A,  Bullock.  Mr.  Pilcher  referred  to  frictionless  center 
plates  and  adjustable  side  bearings  to  reduce  to  a  minimum  the 
oscillation  of  the  car.  My  experience  has  been  that,  to  prevent 
the  nosing  of  a  car,  which  takes  place  almost  entirely  upon  a 
tangent,  it  is  necessary  to  transfer  the  entire  weight  from  the 
center  plate  to  the  side  bearings.  Cars  of  the  Pennsylvania  Rail- 
road design  have  been  running  in  the  Hudson  &  Manhattan 
Subway,  and.  although  the}^  have  very  short  centers,  it  was  found 
necessary,  in  order  to  prevent  the  nosing  of  the  cars,  to  take  as 
much  weight  as  possible  from  the  center  plates  and  to  put  it  on 
the  side  bearings.  All  of  the  weight  would  have  thus  been 
transferred  had  not  the  cars  been  designed  with  light  side  sills. 
It  happens  in  this  particular  case  that  the  distance  center  to 
center  of  the  trucks  was  exceedingly  small,  but,  even  on  long  steel 
passenger  cars,  a  saving  in  wheel  flange  wear  would  be  eti'ected 
by  taking  all  of  the  weight  from  the  center  plates  and  putting 
it  on  the  side  bearings,  that  is,  designing  the  truck  so  that  imme- 
diately the  car  begins  to  take  or  leave  the  curve,  an  initial  pres- 
sure is  put  upon  the  truck,  which  is  thus  slightly  restrained  in 
taking  the  curve. 

This  test  has  been  carried  out  on  several  railroads.  Plaster 
casts  were  made  of  the  Avheels,  and  it  was  found  in  making  out- 
lines of  these  casts  that  there  is  approximately  50  per  cent  re- 
duction of  the  wheel  flange  wear  when  the  radial  movement  of 
the  truck  was  restrained  in  curving. 
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E,  W.  Summers/  In  writing  a  ten-minute  paper,  it  was  not 
possible  to  go  into  detail  to  any  extent.  The  examples  given 
were  intended  to  be  only  general  in  character.  Of  John  A. 
Pilcher's  criticism,  the  1-in.  wind  in  track  in  50-ft.  is  the  ideal 
condition.  Cars  cannot  be  built  to  operate  only  under  ideal  con- 
ditions. Wind  in  track  of  4  in.  to  5  in.  in  the  length  of  a  car  is 
frequently  encountered  when  the  alignment  of  the  rails  is  dis- 
turbed by  water  or  weather  conditions.  It  is  the  abnormal  con- 
ditions that  cause  wrecks. 

In  making  his  comparisons,  Mr.  Pilcher  has  apparently  neg- 
lected the  action  of  springs  which  are  included  in  the  inclined- 
hanger  arrangement.  If  the  inclined  hangers  make  vertical  ad- 
justment on  account  of  the  tracks  being  in  wind,  the  springs  will 
not  have  that  to  do.  As  a  matter  of  fact,  both  the  springs  and 
the  hangers  make  some  of  the  adjustment,  neither  one  doing  all 
of  it. 

As  evidence  that  the  vertical  reactions  given  by  him  are  incor- 
rect, compare  the  ordinary  center-bearing  truck  under  a  freight 
car  with  an  inclined-hanger  truck  such  as  illustrated  in  Fig.  1 
in  the  paper.  Suspension  of  Steel  Cars,  and  used  under  a  simi- 
lar car. 

The  center-bearing  truck  must  have  side  bearings,  which  will 
be  located,  say,  outside  of  the  wheels  in  line  with  the  center  of 
the  side  frame  as  located  on  the  inclined-hanger  truck.  Any  ex- 
perienced railroad  man  knows  that  side  bearings  so  placed  on 
a  center-bearing  truck,  under  such  a  car,  will  cause  derailment, 
even  on  comparatively  straight  track.  On  twisted  track  the 
weight  of  the  car  outside  of  the  wheel  uses  the  wheel  as  a  ful- 
crum and  relieves  the  load  on  the  opposite  wheel,  allowing  its 
flange  to  climb  the  rail. 

It  is  a  matter  of  record  that  new  refrigerator  cars  which  are 
comparatively  rigid,  having  side  bearings  in  line  with  the  Avheel, 
easily  leave  the  rails  where  the  track  surface  is  warped. 

Contrast  these  with  the  inclined-hanger  truck  having  its  side 
bearings  outside  the  wheels  and  over  the  center  of  the  side  frames 
under  an  absolutely  rigid  all-steel  box  car,  and  note  that  these 
cars  have  traversed  the  worst  terminal  tracks  that  could  be  found 
at  higher  speed  than  the  engineman  dared  to  follow  with  his 
engine  without  any  indication  of  wheel  lifting,  and  it  is  clear 
that  Mr.  Pilcher's  reactions  nre  in  error. 

1  President,  Summers  Steel  Car  Company,  Pittsburgh,  Pa. 
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As  a  comparison  with  his  spring  deflection  taken  from  actual 
springs,  some  five  years  ago  the  writer  built  an  all-steel  box  car 
equipped  with  side  bearings  directly  in  line  with  the  truck  side 
frame  and  M.C.B.  springs  for  a  50-ton  car.  When  attempting 
to  take  this  car  on  its  own  wheels  from  the  riveting  shop  to  the 
paint  shop  at  the  works  where  it  was  numufactured  it  was  de- 
railed six  times,  due  to  the  side  bearings  being  outside  of  the 
wheels  and  warped  track  surface.  The  side-bearing,  inclined- 
hanger  arrangement  was  applied  to  this  car,  no  change  what- 
ever being  nuide  in  the  spring  arrangement,  and  the  car  then 
traversed  the  worst  tracks  to  be  found  around  the  works  and  has 
continued  in  regular  interchange  service  on  the  railroads  ever 
since  with  no  indication  of  derailment  or  torsional  injury  to  the 
car  body. 

Now,  it  is  clear  that  with  six-wheel  trucks  weighing  as  much 
as  a  whole  freight  car,  trucks  and  all,  when  under  a  passenger 
car  body  of  comparatively  light  weight,  the  truck  weight  is  suffi- 
cient to  overbalance  the  outside  load  from  the  body  side  bear- 
ing. The  conditions  which  cause  freight  car  derailments,  that 
is,  load  reaction  on  diagonal  corners  are,  however,  still  in  the  pas- 
senger cars ;  the  excessive  comparative  weight  of  the  trucks  with 
that  of  the  car  body  prevent  showing  up  the  car  body  twist  by 
derailment.  The  inclined-hanger  arrangement  relieves  this  twist. 
It  makes  it  possible  to  carry  the  entire  load  on  the  side  bearings, 
directlv  over  the  truck  side  frames.  It  does  away  with  transverse 
oscillation  or  rocking  and  in  so  doing  prevents  nosing.  With  it, 
the  heavy  body  nnd  truck  l)olsters  are  not  required  as  the  load  is 
dropped  directly  from  the  car  side  girders  into  the  truck  side 
frames. 
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By  F.  J.  Trinder  i,  New  Britain,  Conn. 
Non-Member 
In  discussing  the  subject  of  trade  education,  engineers  should 
be  governed  by  the  true  spirit  of  analysis,  and  analysis  of  this 
subject  will  show  that  while  it  goes  beyond  the  elastic  limit  or 
the  ultimate  strength  of  the  physical  bodies  with  which  we  are 
accustomed  to  deal,  it  nevertheless  has  a  vital  bearing  on  the 
successful  work  of  the  engineer,  in  that  training  in  trade  educa- 
tion gives  to  the  manufacturing  world  constructive  workers  of 
pronounced  ability,  able  to  interpret  correctly  the  design,  and 
to  construct  loj^ally  according  to  the  principle  laid  down  by  the 
engineer,  thus  assuring  a  synchronizing  of  effort  as  against  the 
work  of  men  who  simply  grew  up  in  the  work  of  a  mechanic 
without  the  quality  of  a  systematic  training. 

For  many  years  the  education  of  the  boy  and  the  girl  at  public 
expense  has  been  along  lines  laid  out  by  instructors  who  saw  only 
one  side  of  the  educational  problem  and  with  one  result,  that  of 
formulating  a  common  course  of  study  for  each  grade  or  room 
and  requiring  both  boys  and  girls  to  carry  on  the  work,  regard- 
less of  the  needs  of  the  individual  for  a  more  specific  training 
in  order  to  earn  a  living.  Schools  in  a  farming  community  had 
the  same  corrolation  of  studies  as  was  used  in  manufacturing 
districts,  and  in  many  cases  applied  neither  to  the  farm,  business 
nor  manufacturing,  as  the  following  problems  show : 

a     If  in  a  period  of  72  days,  33  1/3  per  cent  are  cloudy, 
and  if  it  rains  16  2/3  per  cent,  how  many  days  are 
rainy  ? 
h     If  20  per  cent  of  the  days  of  a  common  year  are  stormj^, 

how  many  days  are  not  storm}''? 
G     John  is  15  years  old  and  his  sister  is  10.     His  age  is 
how  many  hundredths  more  than  hers?     Hers  is  how 
many  hundredths  less  than  his  ? 
Can  a  set  of  problems  more  useless  than  these  be  conceived? 
Superintendent,  State  Trade  Education  Shop. 

Presented  at  the  New  Haven  Meeting,  November  13,  1912.  of  The  Amer- 
ican Society  of  Mechanical  Engineers. 
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Is  it  any  wondei-  the  boy  rebelled  against  such  nonsensical  ab- 
stract work  or  that  he  is  determined  to  leave  school  and  take  his 
chances  at  some  kind  of  work?  To  work  at  what?  Certainly 
not  at  a  specific  kind  of  work  for  which  the  school  has  trained 
him. 

Most  engineers  have  prepared  themsehes  for  some  specific  line 
of  endeavor,  decided  on  the  course  to  pursue  and  arranged  the 
combination  of  elements  that  make  for  success.  So  it  should  be 
with  our  public  schools  and  scholars. 

The  State  of  Connecticut  is  trying  to  solve  at  least  one  feature 
of  this  educatioiuil  i)robleui.  The  board  of  education  in  1010 
secured  the  passage  of  a  law  creating  two  trade  schools  and  the 
legislature  appropriated  $100,000  for  this  purpose.  After  in- 
vestigation as  to  the  best  locality  for  such  schools,  New  Britain 
and  Bridgeport  were  decided  upon.  The  building  at  New  Bri- 
tain occupied  by  the  boys  is  a  mill  construction  of  the  saw  tooth 
type,  four  bays  Avith  a  floor  space  of  12,000  sq.  ft.  The  light  is 
ideal  and  ventilation  and  heating  are  easily  controlled.  The 
trades  now  taught  are  machinist,  pattern-making,  carpentry, 
drafting  and  plumbing,  with  plans  partly  under  way  for  the 
trade  of  printing  and  bookbindery. 

The  machine  departments  of  New  Britain  and  Bridgeport 
have  contracted  to  build  a  complete  line  of  drill  presses,  tool 
grinders  and  small  engine  lathes.  We  secure  from  the  factories 
what  boys'  work  they  can  give  us,  for  instance,  bolts.  These  ]:)ro- 
vide  experience  in  rough  and  finish  turning  and  threading.  The 
same  boys,  having  drawing  and  academic  work  in  keeping  with 
all  shop  work,  learn  to  construct  the  various  types  of  threads, 
also  to  calculate  the  dimensions  of  U.  S.  Standard  bolts  from 
diameter.  Lectures  are  given  in  class  rooms  on  planing  tools, 
jigs  and  fixtures. 

The  pattern  department  includes  both  wood  and  metal  Avorlv 
and  orders  are  secured  from  the  outside  on  new  work  and  on 
repairs.  Each  apprentice  must  put  his  pattern  in  the  sand,  ram 
up  his  own  mold  and  make  a  casting. 

The  carpentry  department  boys  are  now  building  a  $4800 
three- family  house.  It  has  progressed  to  the  stage  where  the 
shingling  and  siding  is  completed,  window  frames  set  and 
jiorches  iinished. 

The  plumbing  department  boys  have  erected  all  soil  pipe, 
pipes,  traps,  vents  and  lavatoi-y  connections  and  are  now  waiting 
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for  the  plastering  to  be  done  when  they  will  proceed  with  the 
final  fitting  up  of  tubs,  bowls,  etc.  The  house  is  scheduled  to 
be  completed  in  ten  weeks,  provided  the  plastering  and  painting 
to  be  done  by  outside  firms  is  not  delayed.  It  is  important  and 
necessary  to  state  that  the  plan  of  the  house  and  drawings  are 
also  the  work  of  the  boys.  One  noticeable  fact  about  this  house 
building  is  that  no  one  has  been  privileged  to  see  greater  energy 
and  interest  nuxnifested  by  apprentices  on  any  line  of  work. 

Shop  time  is  from  9  to  12,  12:30  to  5:30  every  working  day  of 
the  year  except  Saturday,  when  it  is  from  8  to  12.  Class  hours 
for  academic  work  are  arranged  to  suit  the  needs  of  the  appren- 
tices. 

Regarding  the  sj'^stem  and  shop  methods:  All  work  is  built 
on  a  customer's  order  and  to  his  specifications  or  that  of  our 
own.  The  apprentices  make  the  drawings,  tracing  and  blue 
print.  Job  tickets  are  furnished  through  the  office  on  which 
nuist  be  recorded,  first  the  estimate  hours  of  journeyman's  labor, 
and  cost  of  material,  then  the  actual  hours  of  labor  as  recorded 
by  the  apprentice  on  his  daily  time  card  to  be  approved  by  the 
foreman.  The  efficiency  of  the  apprentice  is  the  result  of  the 
estimate  in  journeyman's  hours  divided  by  the  actual  hours  con- 
sumed on  the  job.  This  gives  the  boys  their  percentage  of  effi- 
ciency in  terms  of  journeyman's  hours. 

One  very  important  requirement  of  both  the  instructor  and 
a])prentice  is  the  training  for  speed  as  well  as  quality  in  the 
Avork.  Often  I  am  asked,  "  Do  you  believe  in  sacrificing  quality 
for  speed?  "  My  answer  is,  "  Oive  the  work  the  quality  it  de- 
uumds,  no  more,  no  less,  but  give  it  also  the  speed  it  demands  in 
keeping  with  the  best  you  can  drill  the  boy  to  do."  It  is  not  fair 
to  the  young  man  you  may  have  graduated  from  your  indus- 
trial school  if  you  have  trained  him  with  a  view  to  quality  of 
work  only,  and  left  out  the  speed  training.  If  he  is  trained  in 
both,  his  work  will  stand  out  and  indorse  your  effort  as  well 
as  his. 

My  advice  is  to  get  away  from  practice  work.  It  has  never 
trained  the  l)oy  and  never  will.  Instructors  and  some  superin- 
tendents Avill  tell  you  that  just  as  good  work  can  be  d(me  on  prac- 
tice work  as  on  commercial  work.  Many  instructors  indorse  it 
because  they  think  there  is  no  way  to  pro^e  that  it  is  not  true. 
But  I  have  tried  it  and  I  have  ]ir()\'ed  my  case.  Many  instructors 
indorse  practice  work  because  in  tliis  (here  is  no  customer  to  be 
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disappointed,  or  work  to  be  turned  back  on  account  of  defects. 
Was  there  ever  a  factory  so  successful  that  errors  and  defects 
never  occurred  ?  It  may  be  that  defects  of  a  drawing  are  carried 
into  a  pattern;  many  patterns  not  made  correctly  to  drawing; 
the  error  found  in  castings  when  ready  to  be  machined. 

A  very  important  factor  in  the  training  of  the  boy,  and  one 
that  is  difficult  to  meet,  is  in  securing  the  right  kind  of  in- 
structors.   Several  qualifications  are  necessar}' : 
a    He  must  be  a  clean  good  timbered  man 
h     He  must  be  a  good  mechanic  in  his  line 
c     A  man  who  can  win  the  love  and  respect  of  the  boy 
d    A  man  who  will  not  tire  in  the  day's  work,  but  will 
keep  moving.     He  must  have  "  eyes  in  the  back  of 
his  head  "  so  to  speak,  and  be  gifted  with  a  sense  of 
the  fitness  of  things  by  which  to  determine  correctly 
if  the  boy  is  in  the  very  best  place  suited  to  him. 
e     He  must  l)e  a  man  with  an  analytical  mind,  strong  in 
the  principles  of  cooperation  and  a  determination  to 
obtain  results. 
I  ask  engineers  to  lend  assistance  in  this  work  of  trade  educa- 
tion;  to  become  associated  with  such  educators  as  Mr.  A.  L. 
Kohrer,  electrical  superintendent  of  tlie  General  Electric  Com- 
pany, and  Mr.  Charles  D.  Hine  of  the  State  Board  of  Education, 
in  promoting  the  efficiency  of  the  work.    The  State  of  Connecti- 
cut is  a  manufacturing  state;  the  people  look  to  the  manufacturer 
for  employment;  manufacturers  are  looking  for  trained  mechan- 
ics and  it  is  for  us  to  find  the  shortest  distance  between  the  two 
points,  the  need  and  the  supply. 

The  question  of  supplying  trained  workers  is  of  vital  interest 
to  the  United  States,  and  if  we  hope  to  hold  our  own  in  manu- 
facturing against  Germany  and  other  European  countries,  we 
must  first  be  prepared  to  meet  the  demands  for  trained  workers 
in  all  trades.  This  is  no  idle  statement.  It  is  a  condition  to  be 
met  now  and  we  as  engineers  having  to  do  with  manufacturing 
will  be  confronted  w^ith  a  serious  problem  unless  we  give  atten- 
tion to  this  question  of  trade  education. 

In  the  girls'  department  of  the  trade  shop  is  taught  dressmak- 
ing, designing  and  millinery.  The  training  of  these  girls  has  a 
vital  bearing  upon  the  home,  that  it  become  provident  instead 
of  improvident,  happy  instead  of  sorrowful,  encouraging  in 
place  of  discouraging,  to  the  trained  mechanic  who  may  be 
chosen  for  a  husband. 


OVERHEAD  EXPENSE   DISTRIBUTION 

By  Royal  R.  Keely,  Phiiadelphia,  Pa. 
Member  of  the  Society 

ABSTRACT  OF  PAPER 

All  expenditure  in  any  industry  may  be  divided  into  three 
broad  classes,  labor,  material,  expense;  or  more  broadly,  direct 
and  indirect  expense.  Direct  expense  may  be  defined  as  all  that 
may  be  charged  directly  to  the  product;  indirect  expense  as  all 
other  expense  connected  with  the  conduct  of  the  business  and 
which  must  be  borne  by  the  sale  of  the  product. 

In  a  foundry,  for  example,  the  labor  applied  directly  in  pro- 
ducing a  length  of  cast-iron  water  pipe  is  called  direct  labor  ex- 
pense; that  is,  it  is  the  labor  applied  directly  to  the  product  of 
this  piece  of  pipe  and  is  in  no  way  related  to  other  articles  that 
may  be  produced.  The  pig  iron  required  in  making  the  length 
of  pipe  is  direct  stores  expense.  Other  labor  connected  with  the 
administration  or  supervision  is  classed  as  indirect  expense. 
Stores  required  for  repair  of  building  and  equipment,  office  sup- 
plies, etc.,  are  classed  as  indirect  stores  expense. 

In  order  that  the  management  may  intelligently  conduct  any 
business,  the  cost  of  each  article  of  product  should  be  known.  In 
determining  the  cost  of  the  length  of  cast-iron  pipe  referred  to, 
the  labor  applied  directly  in  making  it,  as  for  instance,  the  set- 
ting up  of  the  mold,  pouring  of  the  metal,  removing  of  the  pipe 
from  the  mold  and  cleaning  it  of  sand,  etc.,  and  the  pig  iron 
entering  into  it,  may  be  charged  directly  to  its  cost.  But  since 
all  expense  of  the  conduct  of  the  business  must  be  borne  by  the 
product,  this  individual  length  of  pipe  must  bear  its  share  of 
the  expense  of  supervision,  taxes,  insurance,  depreciation,  re- 
pairs, heat,  light  and  power,  selling  and  advertising,  general 
office  expense,  etc. 
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The  deteniiiiialioii  of  just  what  its  share  of  these  expenses 
should  be  has  aroused  nmch  controversy,  and  there  are  in  use 
today  six  methods  of  determining  tliis  indirect  or  overhead  ex- 
pense: (a)  in  ])roportion  to  material  used;  (b)  in  proportion  to 
the  direct  labor  charge;  (<")  the  time  or  number  of  uum-honrs 
employed  in  production;  (d)  machine  rates;  {e)  cost  numbers 
or  factors;  (/)  prorating  by  inspection  or  judgment. 

The  first  of  these  may  be  satisfactory  if  the  product  is  liomo- 
geneous,  as  brick  from  a  brickyard,  where  if  any  one  kind  of 
brick  constitutes  one-tenth  the  product  of  the  plant,  this  Avill  take 
one-tenth  of  the  total  overhead  expense. 

The  second,  that  of  apportioning  expense  according  to  Avages 
paid,  is  very  generally  used.  Here,  if  the  direct  wages  paid  on 
any  kind  of  cast-iron  pipe  are  one-tenth  the  total  direct  wages 
for  the  foundry,  then  this  kind  of  pipe  bears  one-tenth  of  the 
total  overhead  expense.  The  objection  to  the  method  is  that  a 
job  produced  by  a  40-cent  man  at  a  vise  and  bench  would  bear 
the  same  proportion  of  overhead  ex]:»ense  as  one  produced  by  the 
same  man  on  a  large  and  very  expensive  machine.  This  method 
Avill  be  sufficiently  accurate  only  in  cases  where  the  workplaces 
are  all  of  nearly  equal  value  and  capacity  and  the  workmen  paid 
fairly  uniform  wages. 

By  the  third  method  overhead  expense  is  apportioned  by  the 
time  spent  on  the  job,  instead  of  the  value  of  the  time,  as  in  (b). 
It  also  does  not  take  account  of  the  equipment. 

In  the  machine  hour,  or  the  workplace  hour  method,  the  rate 
is  figured  to  include  all  expense  of  maintaining  and  operating 
the  given  workplace,  a  term  broad  enough  to  include  everything, 
from  an  allotted  area  where  a  man  may  work  with  a  monkey 
wrench  or  paint  brush  to  the  most  complicated  and  costly  ma- 
chine in  the  shop. 

In  a  modern  office  building  the  income-bearing  unit  is  the  office 
room  to  be  rented,  and  in  fixing  the  rental  account  must  be  taken 
of  all  the  overhead  expense.  In  a  machine  shop,  each  workplace 
may  be  regarded  as  enclosed  by  four  imaginary  Avails,  forming 
a  room  of  suital)le  size  for  the  i^erformance  of  its  operation. 
Each  workplace  is  then  considered  as  a  imit  in  itself  from  which 
profit  may  be  made  in  turning  out  a  product,  or  it  may  be  rented 
to  an  individual  Avorkman. 

If  all  the  workplaces  are  rented,  then  the  source  of  income  is 
not  on  product  sold,  but  altogether  from  rental  on  the  available 
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useful  space  of  the  luaiiufactiiriii^  plant.  All  space,  however, 
cannot  be  turned  into  reiilahle  workplaces,  for  there  must  be  gen- 
eral heat,  light  and  jioAver  plant,  storage  space,  aisles,  halls,  pas- 
sages, offices,  etc.  The  rented  space,  therefore,  must  not  only 
maintain  and  operate  the  entire  shop,  but  must  produce  a  profit 
for  the  owners.  Each  workplace  unit  must  bear  its  share  of  in- 
terest and  depreciation  on  its  building,  interest  and  depreciation 
on  the  cost  of  machine,  taxes,  insurance,  etc.,  on  the  investment, 
repairs  and  maintenance  of  building  and  equi])ment,  its  share  of 
heat,  light,  power,  etc.,  as  well  as  all  other  general  charges,  if  it 
is  to  make  a  profit  for  its  owners. 

The  cost  of  the  product  from  each  workplace  is  made  up  of 
rental,  raw  material  entering  into  the  product,  and  a  fair  com- 
pensation for  the  worker,  and  the  selling  price  must  include  his 
])r()fits.  The  rental  of  each  workplace  must  be  a  figure  that  Avill 
enable  its  operator  to  make  a  ]irofit  and  must  at  the  same  time 
})ay  all  the  owner's  expenses  and  make  a  profit  besides.  Provi- 
sion nuist  also  be  made  for  the  idle  time  of  a  workplace. 

This  indicates  the  metluxl  of  arriving  at  the  machine  rate. 
The  method  is  superior  to  the  others  in  that  it  takes  account  of 
the  variation  in  the  cost  of  production  on  different  types  of  work- 
places, and  would  be  accurate  if  there  w^ere  no  idle  hours.  In 
any  system  the  Avages  are  very  carefully  charged  directly  to  the 
item  of  product,  but  since  the  general  charges  of  interest,  depre- 
ciation, insurance,  etc.,  may  be  equal  to  or  greater  than  the  wages, 
it  is  important  to  cut  these  down  to  a  minimum  by  putting  as 
great  a  proportion  as  possible  directly  against  the  particular 
items  of  product,  as  in  this  method. 

Mr.  Church  in  his  book  on  Expense  Burden,  advocates  a  sup- 
]:)lementary  rate  to  dispose  of  the  expense  connected  Avith  the  idle 
hours  and  the  auxiliary  departments,  as  shipping  room,  store 
room,  etc.  By  this  plan,  expenditure  is  connected  with  produc- 
tion centers,  the  charges  being  debited  to  jobs  by  machine  rents 
or  rates  so  carefully  arranged  as  to  include  all  of  them.  All  float- 
ing or  general  items  are  collected  into  a  monthly  shop-charges 
account,  which  is  relieved  l>y  the  total  of  charges  which  have 
been  debited  during  the  month  by  means  of  machine  rates,  leav- 
ing in  the  account  a  residual  sum.  This  sum  is  reduced  by  the 
supplementary  rate  to  an  hourly  burden,  distributed  over  the 
jobs  in  the  usual  way. 

To  quote  from  Mr.  Church  himself:    "  It  will  be  obvious  that 
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by  this  means  all  the  charges  will  be  distributed,  leaving  noth- 
ing in  the  charges  account,  and  that  if  all  the  machines  have 
made  full  time  in  the  month,  the  supplementary  rate  will  only 
represent  the  floating  shop  charges.  In  proportion  as  machines 
are  idle  the  supplementary  rate  will  rise,  because  only  working 
hours  are  credited  to  the  shop  account  as  per  the  total  of  the 
machine  rates  found  at  the  end  of  the  month.  Thus  we  secure 
that  each  job  gets  its  own  expenses  only  attached  to  it,  plus  an 
average  of  floating  charge  and  of  what  surplus  may  be  due  to 
slack  times  or  inefficiency  in  the  shop." 

Again  he  says :  "  The  idleness  of  a  machine  may  or  may  not 
be  considered  as  the  fault  of  that  machine.  If,  for  instance,  a 
machine  was  found  to  be  idle  nineteen-twentieths  of  its  time,  this 
might  be  due  to  one  of  two  causes.  Either  the  process  was  rare 
but  essential,  or  the  machine  itself  was  largely  superfluous.  In 
the  first  case  it  would  be  eminently  fair  that  the  charge  should 
be  made  very  high  when  it  was  put  in  use,  since  the  shop  charges 
due  to  its  presence  and  upkeep  are  indubitably  incurred  for  the 
sake  of  this  occasional  use.  In  the  second  case  it  might  be  rather 
a  matter  of  accommodation  that  the  machine  was  retained  at  all, 
in  which  case  the  shop  as  a  whole  should  bear  the  burden  and 
not  the  unlucky  piece  of  work  that  should  happen  to  be  put  on 
such  machine  at  that  time."  It  is  thus  seen  how  this  ingenious 
method  puts  to  each  item  of  product  its  proper  share  of  overhead 
charges,  for  the  workplaces  which  are  in  use.  Then  the  balance 
left  over,  due  to  idle  machines  and  other  auxiliary  and  general 
expense,  is  prorated  by  a  supplementary  rate. 

In  the  fifth  method,  that  of  cost  numbers  or  factors,  which  is 
a  simpler  system  worked  out  by  Frederick  W.  Taylor  in  his 
study  of  scientific  management,  the  machine  rates  are  determined 
by  a  process  similar  to  that  already  described,  and  the  rates  are 
then  treated  not  as  a  figure  of  value,  but  as  a  relative  number 
called  "  relatiA^e  cost  numbers,"  or  simply  "  cost  numbers."  If 
the  cost  of  maintaining  and  operating  two  machines  is  three  cents 
and  three  dollars  per  hour  respectively,  the  cost  numbers  will 
be  three  and  three  hundred  respectively.  The  number  of  hours 
each  machine  runs  on  any  job  is  multiplied  by  its  cost  number. 
At  the  end  of  the  period,  the  total  hours  by  cost  numbers  for 
each  article  or  class  of  product  on  which  it  is  desired  to  compute 
costs  and  also  for  the  entire  shop,  are  added  together.  The  re- 
sult obtained  is  about  the  same  as  that  reached  bv  Mr.  Church's 
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method,   without  the  complication   and   extra   work   of   appor- 
tioning a  second  time  for  the  supplementary  rate. 

In  general  a  rate  for  apportioning  the  overhead  expense  can 
be  established  by  this  method  for  any  class  of  product  and  the 
variation  of  the  rate  from  period  to  period  will  give  an  accurate 
indication  of  the  percentage  of  idle  time  in  connection  with  this 
product.  The  disposal  of  all  shop  expense  is  now  provided  for. 
There  will  be  few  difficulties  in  tliQ  way  of  putting  the  direct 
labor  and  stores  charge  against  the  article  of  product  into  which 
it  enters. 

The  writer  generally  accomplishes  this  result  by  assigning  to 
the  product  and  stores  a  definite,  concise  symbol  for  each  size 
and  kind.  The  mnemonic  system  of  symbolization,  as  developed 
by  Mr.  Taylor,  gives  most  excellent  results.  All  expense  in  con- 
nection with  the  conduct  of  a  business  is  divided,  into  (a)  aux- 
iliary, or  "  A  "  accounts,  as  power,  stores,  shipping,  planning, 
etc.;  (h)  business  office,  or  "B  "  accounts;  (c)  sales  department, 
or  "C"  accounts;  (d)  manufacturing  departments,  or  "D"  ac- 
counts; (e)  machinery  and  equipment,  or  "Y"  accounts;  (/) 
real  estate,  or  "  Z  "  accounts. 

The  expenses  in  connection  with  the  A,  D,  Y  and  Z  accounts 
are  shop  expenses  and  are  disposed  of  by  the  method  of  hours 
by  cost  numbers,  already  described.  B  and  C  have  no  direct 
relation  to  shop  costs  and  the  expense  of  these  departments  may 
be  disposed  of  hj  another  ii;ethod  to  be  considered  presently.  All 
labor  is  apportioned  by  a  system  of  job  cards,  time  stamped  at 
the  beginning  and  again  at  the  end  of  the  job.  The  sum  of  the 
time  shown  on  all  these  cards  must  equal  the  time  for  which  the 
workman  is  paid.  There  is  only  one  job  on  a  card  and  each 
card  bears  the  symbol  of  the  product  to  which  the  time  is  charged 
The  stores  are  issued  from  the  store  room  on  similar  cards.  Dur- 
ing the  period  all  job  cards  and  stores  issue  cards  are  accumu- 
lated by  symbol  in  a  card  index  file.  At  the  end  of  the  period 
the  total  of  all  money  paid,  as  represented  by  the  cards,  is  drawn 
off  by  products. 

In  the  classification  of  expense  there  is  a  symbol  for  each  item 
of  expense,  both  direct  and  indirect.  The  direct  labor  and  stores 
can  now  be  entered  at  once  on  the  cost  card  for  product  turned 
out.  The  indirect  labor  and  stores  are  entered  on  expense  dis- 
tribution cards,  together  with  other  indirect  charges,  as  taxes, 
insurance,  depreciation,  etc. 
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The  selliiiiL!:  and  l)iisiness  office  expense,  B  and  C,  may  be  appor- 
tioned by  a  different  method,  either  by  direct  shop  cost,  by  wages, 
or  by  the  time  consumed  in  the  manufacture  of  the  product,  ac- 
cording to  the  nature  of  the  business.  In  some  cases  it  may  be 
merged  with  the  shop  expense  and  the  total  prorated  by  the 
method  outlined.  The  usual  u'ethod  is  by  direct  labor  cost,  or 
l)y  hours  of  labor  consumed  in  production. 

The  sixth  method  of  apportioning  the  oA^erhead  expense,  i.e., 
by  inspection  or  judgment,  is  one  in  which  the  experience  and 
judgment  of  officials  of  a  company  are  used  in  putting  this  ex- 
pense where  it  belongs. 

To  arrive  at  a  practical  method  for  doing  this,  the  principal 
items  of  expense,  which  may  include  advertising,  catalogues,  cor- 
respondence, legal  expense,  patents,  traveling  expense,  salesmen's 
salaries,  drawings,  etc.,  are  listed  and  the  expense  of  each  appor- 
tioned to  each  class  of  product  in  proportion  to  the  benefit  de- 
rived, the  proportion  being  determined  from  inspection.  Thus, 
it  may  appear  that  advertising  expense  shoidd  be  distributed 
among  four  different  products  as  follows:  10  per  cent  to  the 
product  A,  20  per  cent  to  the  product  B,  30  per  cent  to  the  prod- 
uct C,  and  40  per  cent  to  the  product  D.  Product  A  may  be  an 
old  and  staple  article,  having  a  general  demand,  while  D  may 
be  a  new  and  patented  article  for  which  demand  must  be  created 
by  advertising. 

If  the  profit  on  any  class  of  product  is  exceptionally  high  or 
low,  it  will  call  for  a  careful  examination  of  the  direct  and  pro- 
rated charges.  The  direct  charges  of  stores  and  labor  are  very 
definit-e  items  and  on  these  there  can  be  little  question.  The  indi- 
rect charges,  especially  those  in  connection  with  business  admin- 
istration and  selling,  are  very  intangible  and  hard  to  connect 
with  any  expense  of  manufacture,  but  it  must  be  remembered 
that  every  dollar  or  expense,  both  direct  and  indirect,  must  be 
l)()rne  by  the  j^roduct  which  is  made  and  sold. 

The  method  of  Hours  by  Cost  Numbers  for  all  shop  expense 
and  that  of  apportioning  by  inspection  for  selling  and  business 
administration  expense,  are  most  generally  applicable  to  the  or- 
dinary manufacturing  establishment. 

DISCUSSION 

William  Kent,  in  a  written  discussion,  described  a  seventh 
method  of  prorating  overhead  expense,  namely  a  combination  of 
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the  first  and  second,  proratini^  the  expense  in  proportion  to  the 
Sinn  of  the  material  and  labor  costs. 

For  example,  suppose  that  in  a  given  time  there  are  two  i)rod- 
iK'ts  made,  A  and  7?,  the  first  costing  $100  for  material  and  $50 
for  labor,  the  second  $50  for  material  and  $100  for  labor,  the 
overhead  charges,  or  burden,  for  the  two  together  being  $150. 
By  the  two  methods  of  prorating  given  by  Mr.  Keely,  (a)  in 
proportion  to  the  material,  and  (h)  in  proportion  to  labor,  the 
cost  accounts  would  show  the  following: 

By  method  (a)  A  B 

Material $100  $  50 

•    Labor.* 50  100 

Burden 100  50 

Total  factory  cost $250  $200 

By  metliod  (6) 

Material $100  $  50 

Labor 50  100 

Burden 50  100 

$200  $250 
By  the  eombint-d  niethod  we  would  have 

Material $100  $  50 

Labor 50  100 

Burden 75  75 

Still  another  modification  would  be  to  charge  material  and 
credit  burden  with  a  certain  percentage  of  the  material  cost,  to 
cover  storage  and  interest  on  capital  invested  in  the  material, 
and  to  apportion  the  remainder  of  the  burden  in  proportion  to 
the  sum  of  the  lalxvr  and  of  the  material  cost  thus  enhanced;  thus, 
if  20  per  cent  is  added  to  the  cost  of  luaterial.  the  account  would 
stand 

A  B 

Material $100  $50 

Add  20  per  cent 20  10 

Labor 50  100 

Sum $170  $160 

Remainder  of  burden  prorated 62  58 

$232  $218 

Whether  any  of  these  methods,  or  the  machine  hour,  or  cost  num- 
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ber  method  should  be  adopted  in  any  particular  plant  depends 
on  the  nature  of  the  business,  and  on  the  object  that  is  to  be  ob- 
tained by  the  cost  system. 

.  Regarding  the  length  of  cast-iron  pipe,  assmning  that  it  is 
only  one  of  a  hundred  kinds  of  castings  that  the  foundry  makes, 
it  is  impossible  to  apportion  precisely  its  share  of  the  expense 
of  supervision,  taxes,  insurance,  depreciation,  light,  power,  etc. 
Suppose  the  piece  of  pipe  is  not  a  regular  product  of  the  foundry, 
but  only  an  occasional  one  ordered  by  a  neighboring  shop,  the 
order  being  accepted  at  a  very  low  price  because  the  foundry  is 
short  of  orders  at  the  time.  The  book-keeper  reports  that  money 
has  been  lost  on  that  pipe,  and  presents  the  following  account: 
Material,  including  waste,  1  cent  per  lb. ;  labor  0,5  cent ;  burden 
1  cent;  total  2.5  cents  per  lb.  Sold  for  2  cents;  loss  0.5  cent.  The 
owner  says,  "  I  think  we  have  made  monej^  on  that  order,  for  the 
cost  for  labor  and  material  was  1.5  cents,  and  the  selling  price  2 
cents,  leaves  a  margin  of  0.5  cent  to  apply  to  burden.  It  cost 
nothing  for  selling  and  advertising,  and  the  expense  for  super- 
vision, taxes,  etc.  would  have  gone  on  if  we  had  not  taken  the 
order."  Six  months  later  the  order  is  repeated,  when  the  foundry 
is  full  of  profitable  orders,  and  the  price  is  made  3  centvS,  not 
because  the  cost  including  burden  is  2.5  cents  and  0.5  cent  is 
wanted  for  profit,  but  because  that  is  "  the  price  the  market  will 
bear," 

The  following  is  a  system  of  n  aking  an  estimate  of  a  machine- 
hour  cost.  Assume  a  large  and  expensive  machine  costing  $2000, 
which  is  in  use  a  different  number  of  days  each  month.  The 
cost-clerk  may  present  the  following  tabulation  of  annual  burden 
charges  to  be  made  against  it : 

Additional 
Cost  while 
Cost  while  Idle  Running 

Interest,  5  per  cent  on  $2000 $100 

Rent,  100  sq.  ft.  at  50  cents 50 

Taxes,  2  per  cent  on  half  value 20 

Insurance,  0 . 5  per  cent  on  value 10 

Light  and  heat  (in  winter  only) 20 

Depreciation  (obsolescence  and  corrosion),  5  per  cent.  .  .     100 

Repairs  or  depreciation  due  to  wear,  2  per  cent $40 

Lubrication  and  cleaning,  say 10 

Power,  2  h.p.,  estimated  load  factor  0.25;  2  X  3000  hours  X  0.25  X  2 

cents  per  h.p-hr 30 
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Superintendence,  office  expense,  etc.    Total  $20,000,  share  of  this  ma- 
chine, 0.5  per  cent 100 

$300  $180 

180 

Total $480 

Add  for  contingencies  25  per  cent 120 

$600  or  $50  per  month 
Charge  $50  per  month 

2  per  day  if  running  25  days  per  month 
5  per  day  if  running  10  days  per  month 
10  per  day  if  running    5  days  per  month 
Labor  costs  $3  per  day  for  each  day  the  machine  runs 

Days  run  in  a  month 5  10  25 

Labor  cost  at  $3 $15  30  75 

Machine  hour  cost $50  50  50 

Total $65            80  125 

Number  of  units  of  product  made 50           100  250 

Cost  per  unit $1.30          0.80  0.50 

Suppose  these  units  are  sold  so  as  to  net  the  factory  80  cents  each 

Loss,  each 0 .  50  0 

Profit —              —  0.30 

Or  suppose  these  units  are  parts  of  a  finished  product,  shall  they 
be  billed  to  that  product,  50  units  at  $1.30,  100  at  80  cents,  250 
at  50  cents,  phis  the  charge  for  material  (whatever  it  may  be), 
making  it  appear  that  the  cost  of  the  product  varies  from  month 
to  month  according  to  the  number  of  idle  days  of  a  certain  ma- 
chine during  a  preceding  month? 

A  far  better  way  is  to  have  a  fixed  hourly  charge  for  the  ma- 
chine in  question,  which  is  not  changed  during  a  whole  year. 
For  example,  it  may  be  estimated  that  the  machine  will  be  in  use 
150  days  in  the  year,  averaging  121/2  davs  per  month.  The  daily 
charge  then  will  be  50  -:-  121/2  =  $4.00,  and  if  the  work  day  is 
10  hours,  40  cents  per  hour.  The  cost  of  these  units  will  then 
appear  as  follows: 

Days  run  in  a  month 5  10  25 

Labor  cost  at  $3 $15  30  75 

Burden  at  $4 1820  40  100 

Total $35  70  175 

Number  of  units  made 50  100  250 

Cost  per  unit $0.70  0.70  0.70 
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This  i)laii  not  (»iily  saves  the  lKH)k-keeper's  time  in  figuring  the 
hourly  cost  each  month,  but  makes  a  fairer  charge  to  the  finished 
product  of  which  these  units  are  part,  which  product  sliouhl  not 
be  charged  with  tJie  accidental  idleness  of  any  one  machine. 

We  can  get  the  jiercentage  of  idle  time  directly  for  each  ma- 
chine by  sunnning  up  from  the  time  cards  the  numlier  of  hours 
credited  to  it  in  each  year,  or  month  if  need  be.  Assuming  that 
the  machine  should  run  121/2  days  on  an  average  to  earn  $50  per 
month,  the  table  hist  given  shows  that  we  lost  $30  on  it  the  first 
month,  $10  the  second,  and  gained  $50  the  third. 

I  wish  especially  to  emphasize  the  inadvisability  of  charging 
to  a  machine  hour  any  part  of  the  selling  expenses,  advertising, 
etc.  The  machine  hour  is  part  of  the  factory  expense,  and  should 
not  be  charged  with  losses  due  to  inefficient  salesmanship.  The 
sales  department  should  be  considered  as  a  separate  business 
from  the  factory,  and  should  have  a  separate  system  of  accounts. 

Harrington  Emerson  said  that  cost  records  shoidd  not  be 
given  undue  prominence  as  they  are  of  value  only  when  they 
foretell  the  future.  Most  modern  cost  accounting  records  the 
mistakes  that  have  occurred  but  does  not  prevent  future  mis- 
takes. Cost  accounting  to  be  of  assistance  must  predetermine 
the  standard  cost  of  every  item  of  material,  of  labor  and  of  capi- 
tal charge,  and  at  the  time  the  work  is  progressing  check  the 
actual  against  the  standard. 

Cost  records  are  only  one  of  many  forms  of  efficiency  records. 
A  vast  sum  may  be  expended  in  some  enterprise  and  the  books 
recording  the  A^arious  transactions  involved  may  balance  to  a 
cent;  but  this  fact  affords  no  indication  of  money  that  may  be 
worse  than  wasted  through  inefficient  materials,  labor  and  equip- 
ment. 

Standard  costs  of  operation  are  not  attained  because  in  the 
first  place  the  great  majority  of  men  are  low^  in  industrial  effi- 
ciency. Beyond  this,  however,  the  standard  is  not  attained  be- 
cause of  the  complexity  of  modern  conditions,  which  introduces 
a  dependent  sequence,  so  that  each  is  dependent  upon  that  which 
follows.  As  a  result,  very  slight  inefficiencies  grow  in  a  depend- 
ent sequence  into  big -inefficiencies  in  end  results  and  very  slight 
improvements  in  separate  acts  result  in  enormous  gain.  Because 
men  are  inefficient,  single  operations  are  inefficient,  and  through 
dependent  sequence  appalling  w\astes  result.  In  every  single 
operation,  both  for  men  and  machines  there  may  be  (a)  an  over- 
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supply  of  lidurs  or  material;  (h)  a  wasteful  use  of  either;  (r) 
too  large  a  payiiieut  for  the  (juality  used  ;  or  (d)  use  of  the  Avrouff 
(juality. 

AVe  uiay  have  ten  ni(<n  and  ten  machines  and  Avork  for  only  six 
sets  of  them.  The  efficiency  of  supply  will  be  only  00  per  cent. 
One  of  these  men  may  waste  one-quarter  of  his  time,  but  work 
with  standard  activity  the  other  three-quarters,  giving  an  effi- 
ciency of  75  per  cent.  The  machine  may  have  an  efficiency  of 
stroke  of  80  per  cent;  of  depth  of  cut,  50  per  cent;  of  feed,  30 
per  cent;  and  of  speed,  40  per  cent,  making  the  end  efficiency  of 
the  machine  only  4.8  per  cent.     The  combined  efficiency  of  use 
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Fig.   1      Diagram    showing    Difference    in    Actual    Costs  Attained    in 
working  without  standards  and  with  standards 

of  men  and  machines  will  be  only  3.0  per  cent,  and  the  combined 
efficiency  of  use  and  supply  only  2.10  per  cent.  The  man  and 
machine  may  be  20  per  cent  more  expensive  and  both  twice  as 
good  as  they  ought  to  be  for  the  job,  giving  therefore  an  effi- 
ciency of  assignment,  50  per  cent;  efficiency  of  price, ^80  per  cent; 
efficiency  of  use,  3.0  per  cent;  efficiency  of  supply,  75  per  cent; 
and  an  end  cost  efficiency  of  only  1.08  per  cent.  This  particular 
single  operation  as  to  labor  charge  and  equipment  rate  is  costing 
almost  100  times  as  much  as  it  ought  to. 

In  two  diagrams  the  diiference  in  actual  costs  attained  in  work- 
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ing  without  standards  and  with  standards  was  shown  (Fig.  1) 
and  a  general  plan  for  making  efficiencj''  statements  and  a  con- 
ventional method  of  using  efficiency  records  for  standard  and 
actual  cost  records  (Fig.  2).  This  latter  is  so  simple  that  it  can 
be  put  on  a  5  in.  by  8  in.  card,  and  may  be  used  for  recording 
anything  from  the  cost  of  a  hook  and  eye  to  the  operations  of  all 
the  railroads  of  the  United  States  for  ten  years.  The  formula  is 
made  up  of  three  parts,  materials,  labor,  and  equipment  opera- 
tion. 

This  record  will  show  both  standard  and  actual  costs  as  to 
every  item.  Actual  costs  are  standard  costs  Avith  an  inefficiency 
per  cent  added.  This  per  cent  is  generally  that  of  the  f)revious 
month  so  that  actual  costs  can  always  be  predetermined.  Any 
difference  between  predetermined  costs  and  moneys  spent  is  very 
slight  and  can  be  easily  adjusted. 

In  the  general  discussion  which  followed  Henry  Hess  said 
that  knowledge  of  costs  in  every  item  was  needed  and  that  ma- 
chine methods  could  not  be  substituted  for  individual  personal 
management.  Where  a  plant  is  too  large  for  the  supervision  of 
one  man,  a  number  of  men  should  cooperate  in  the  management. 

Both  F.  G.  CoBURN  and  Walter  M.  Kidder^  emphasized  the 
necessity  for  simplicity  of  method.  Mr.  Kidder  thought  that  if 
it  were  borne  in  mind  that  the  principle  of  overhead  must  be 
applied  in  proportion  to  the  amount  of  production  capacity  con- 
sumed in  the  production  of  a  given  article,  and  a  practical 
method  that  will  approximate  this  result  is  sought,  that  a  useful 
cost  method  would  result.  Carl  G.  Bartpi  also  disapproved  of 
any  method  which  required  a  complicated  mass  of  figures. 

J.  F.  Wickersham-  described  his  experience  with  the  New 
York  Shipbuilding  Company  where  a  very  detailed  cost  record 
was  kept  with  satisfactory  results. 

Following  a  line  of  argument  suggested  by  Mr.  Barth,  F.  C. 
Andrews^  said  that  the  question  of  how  much  the  selling  price 
could  be  cut  to  allow  a  margin  of  profit  was  a  most  important 
one.  In  some  plants  it  would  take  five  or  ten  times  the  cost  in 
clerical  hire  to  keep  track  of  the  cost  records,  and  selling  from 

1  127  West  56th  Street,  New  York. 

^  Care  New  York  Ship  Building  Company,  Camden,  N.  J. 

» Industrial  Engineer,  1707  Arch  St.,  Philadelphia,  Pa. 
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the  loAve.st  list  [trices  agreed  ujx)!!  by  otlier  inaiiufactiirers  and 
with  discounts  is  a  satisfactory  method. 

A.  C.  Jackson  described  irethods  of  distribution  by  the  aid 
of  hintei'Ji  slides  and  Mr.  LJarth  showed  blueprints  illustrating 
tables  of  costs. 

The  AiiTTiou  concluded  the  discussion  by  emphasizing  the 
necessity  of  some  basis  for  the  distribution  of  costs.  Simplicity 
Avas  desirable,  he  considered,  if  it  could  l)e  attained,  but  with  a 
complicated  product  a  complicated  method  of  cost-keeping  is 
necessary.  The  rule  should  be  to  use  as  simple  a  method  as  pos- 
sible consistent  with  the  results  to  be  attained. 


PORT    FACILITIES    FOR    SHIPS   AND    CARGOS 
IN  THE  UNITED  STATES 

By  William  T.  Donnelly,  Brooklyn,  N.  Y. 
Member  of  the  Society 
ABSTRACT  OF  PAPER 

One  of  the  most  important  of  the  controlling  factors  in  marine 
transportation  is  the  dispatch  of  ^'essels  and  cargos  from  one 
place  to  another.  Therefore,  any  facility  which  Avill  tend  to  in- 
crease the  amount  of  cargo  moved  in  a  given  time  while  a  vessel 
is  in  port  will  increase  the  number  of  trips  the  vessel  can  make. 
To  this  end,  port  facilities  must  be  provided  for  the  unloading 
and  loading  of  the  cargos.  They  emljrace  the  harbor,  piers,  rail- 
roads, floating  harbor  equipment  and  all  the  minor  appliances, 
such  as  storage,  rehandling  and  transfer  facilities. 

One  of  the  fundamental  differences  between  European  and 
American  ports  is  that  nearly  all  of  the  former  are  at  consider- 
able distances  from  the  sea,  at  the  heads  of  navigation  of  rivers, 
while  most  of  the  latter  are  on  the  sea  coast.  This  brings  about 
an  entirely  different  situation  relative  to  the  port  facilities  and 
therefore,  it  is  not  practicable  to  compare  the  port  of  Hamburg 
with  the  port  of  New  York,  and  the  methods  and  devices  used 
in  the  one  city  are  not  at  all  adaptable  to  the  other. 

Another  fundamental  difference  is  brought  about  Ijy  the  fact 
that  the  port  of  New  York,  while  by  far  the  largest  of  any  in  the 
world,  is  not  the  home  port  of  any  of  the  great  trans-Atlantic 
steamship  lines,  and  it  is  very  plain  tliat  a  compan}^  owning  ships 
will  make  greater  investments  for  port  facilities  at  home  than 
abroad. 

Perhaps  the  greatest  difference,  however,  is  due  to  the  extent 
to  which  lighterage  is  used  at  the  port  of  New  York.  Manhat- 
tan Island  is  reached  direct  for  freight  purposes  by  only  two  of 
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the  many  railroads  that  extend  to  the  harl)()r  front  and  access  to 
Manhattan  Island,  Long  Island,  Staten  Island  and  the  adjacent 
waters  is  brought  about  by  a  very  extensive  system  of  harbor 
transportation  known  as  lighterage,  by  Avhich  freight  is  moved 
at  a  minimum  cost  and  with  the  greatest  flexibility.  A  part  of 
the  equipment  for  this  system  consists  of  car  floats,  by  means  of 
which  direct  interchange  of  cars  can  be  made  between  any  of  the 
railroads  and  access  can  be  gained  to  freight  terminals  at  any  de- 
sired point  on  the  waterfront.  These  car  floats  were  originally 
designed  for  ferrying  purposes,  but  it  was  soon  discovered  that 
they  formed  one  of  the  most  flexible  devices  for  freight  handling 
in  and  about  a  large  marine  terminal,  and  they  must  now  be  con- 
sidered one  of  the  most  important  features  of  the  port  of  New 
York.  In  fact,  so  valuable  are  they  to  the  railroads,  that  piers 
devoted  exclusively  to  the  loading  and  unloading  of  cars  on  floats 
have  been  taken  over  one  after  another  along  the  lower  part  of 
Manhattan. 

The  principal  difference  to  be  noted  between  New  York  piers 
and  those  abroad  is  the  absence  on  this  side  of  heavy  lifting  ma- 
chinery, which  is  always  a  prominent  feature  of  the  foreign  ports. 
This  has  been  brought  about  by  the  development  of  the  lighter- 
age business  and  more  particularly  by  the  adaptation  of  floating 
derricks  for  handling  all  heavy  w^eights  from  lighters  to  ship's 
hold  and  from  ships  to  lighters  and  then  to  the  pier  head  or  bulk- 
head for  rail  transportation  or  delivery  in  the  city.  This  par- 
ticular branch  of  transportation  is  an  American  feature  and  owes 
the  extent  of  its  development  to  the  use  for  apparatus  primarily 
designed  and  developed  for  wrecking  purposes. 

In  the  practice  of  this  port,  only  the  lighter  portions  of  the 
cargos  are  handled  over  the  ship's  side  on  to  the  piers;  that  is, 
objects  weighing  a  maximmn  of  two  tons,  such  as  are  readily 
handled  by  ship's  winches  and  similar  winches  located  on  the 
pier.  A  fixed  or  traveling  crane  located  on  a  pier  can  serve  but 
one  ship  and  often  not  more  than  a  single  hatch  of  that  ship, 
while  a  floating  derrick  or  lighter  may  move  from  ship  to  ship 
and  from  one  part  of  the  harbor  to  another  and  find  much  more 
constant  occupation.  It  is  also  often  found  that  the  cost  of  han- 
dling freight  over  the  ship's  side  from  lighters  is  less  than  han- 
dling it  across  the  pier,  and  it  is  the  practice  of  the  steamship 
companies  to  encourage  the  delivery  of  as  large  a  quantity  of 
goods  as  possible  by  lighter. 
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Consideration  has  been  given  to  the  matter  of  bi'inging  the 
raih'oads  and  steamships  close  together,  but  Avherever  this  has 
been  tried  it  has  been  found  impractical.  Many  piers  are  built 
with  railroad  tracks  running  down  the  center,  but  few  cars  will 
be  found  at  any  time  on  the  piers.  This  is  owing  largely  to  the 
fact  that  a  freight  car  is  an  awkward  object  to  move  about  and 
that  it  contains  a  comparatively  small  quantity  of  goods;  also, 
that  the  shifting  and  moving  of  the  freight  cars  interfere  with 
the  work  of  handling  material  on  the  pier.  Of  course,  this  does 
not  apply  to  goods  that  can  be  delivered  by  the  carload,  such  as 
grain,  coal  and  ores,  for  such  materials  do  not  come  to  the  steam- 
ship piers  referred  to,  but  to  special  piers  devoted  entirely  to 
their  reception,  where  they  are  handled  by  machinery  at  as  low 
a  cost  in  this  country  as  anywhere  in  the  world. 

The  coaling  of  ships  in  the  port  of  New  York  is  of  a  somewhat 
unusual  character,  and  to  a  certain  extent  atlects  the  method  of 
freight  transfer.  Coal  is  brought  to  the  ship's  side  in  canal  boats 
approximately  20  ft.  beam  and  capacity  from  400  to  600  tons.  To 
expedite  the  coaling  it  is  done  on  both  sides  of  the  ship ;  that  is, 
first  on  the  off-shore  side  and  then  the  ship  is  breasted  out  or 
moved  some  20  ft.  or  25  ft.  from  the  pier  and  the  coal  boat  moved 
in  between  the  pier  and  the  vessel  and  the  bunkers  filled  on  that 
side.  It  is  apparent  that  cranes  fixed  on  the  pier  during  this  time 
would  have  to  extend  some  25  ft.  further,  while  the  ship's 
winches,  working  in  connection  with  a  similar  winch  on  shore, 
can  transfer  freight  without  interruption.  These  winches  are 
designed  to  handle  from  one  to  two  tons  on  a  single  line,  and  to 
be  operated  by  the  ship's  crew  and  with  whatever  assistance  is 
necessary  from  the  shore. 

It  would  seem  that  there  is  small  probability  of  other  mechan- 
ical appliances  superseding  this  method  in  this  port  when  freight 
is  to  be  hoisted  from  a  ship's  hold.  When  freight  can  be  deliv- 
ered from  a  gangway  at  or  below  the  pier  level,  mechanical  de- 
vices to  assist  stevedores  with  handtrucks  on  grades  have  been 
found  practical,  and  these  devices  are  also  much  used  to  carry 
freight  to  and  from  lighters  which  bring  a  considerable  amount- 
of  material  to  the  piers  for  storage  and  trans-shipment  to  vessels. 

No  discussion  of  port  facilities  would  be  complete  without 
some  consideration  of  the  matter  of  facilities  for  getting  the 
freight  to  and  from  the  steamship  piers;  that  is,  should  the  rail- 
roads deliver  the  material  in  cars  on  the  piers  or  to  the  terminal 
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adjacent  thereto,  and  to  what  extent  and  how  shoukl  the  rail- 
roads and  waterfront  be  tied  up  together  'i 

The  Atlantic  freight  and  passenger  transportation  at  the  port 
of  New  York  has  had  its  greatest  development  on  the  west  side 
of  Manhattan  Island,  and  it  is  over  this  waterfront  that  it  is 
necessary  to  transfer  between  ship  and  railroad  and  ship  and 
factory  vast  quantities  of  merchandise.  Owing  to  the  fact  of  its 
isolation,  it  is  reached  directly  by  but  a  single  railroad,  and  the 
situation  has  been  aggravated  by  the  fact  that  this  shore  front 
is  connected  with  the  terminals  of  railroads  across  the  Hudson 
River  by  many  passenger  ferries. 

As  the  Atlantic  transportation  business  has  grown,  congestion 
along  the  waterfront  has  been  steadily  increasing.  To  meet  this, 
the  railroads  terminating  in  Jersey  City  have  adopted  the  prac- 
tice of  leasing  the  piers  along  the  lower  Manhattan  waterfront 
and  using  them  for  the  receipt  and  delivery  of  railroad  freight 
which,  of  course,  results  in  the  exclusion  of  trans- Atlantic  and 
coastwise  commerce  from  these  piers.  This  condition  is  looked 
upon  with  disfavor  by  the  steamship  lines  and  also  by  the  dock 
department,  which  has  at  heart  the  best  interests  and  most  desi- 
rable use  of  the  waterfront  for  marine  transportation.  It  also 
results  in  great  congestion  of  the  piers  and  West  Street  from 
trucks  bringing  and  removing  freight. 

An  independent  study  of  these  conditions  some  time  ago  re- 
sulted in  the  Bush  Terminal  development  at  South  Brooklyn, 
which  is  the  most  remarkable  any  city  has  ever  seen.  Investiga- 
tion first  developed  the  fact  that  the  congestion  and  greatest 
avoidable  waste  in  freight  transportation  in  and  about  New  York 
was  due  to  the  trucking.  But  the  real  principle  involved  is  the 
fact  that  every  considerable  producer  of  merchandise  has  to  ship 
goods  not  by  one  railroad  or  steamship  line  but  by  nearly  every 
one,  which  necessitates  his  trucks  visiting  almost  every  day  eight 
or  ten  different  points  for  the  delivery  of  one  or  two  cases  of 
goods  to  each.  The  impossibility  of  merchants  and  truckmen 
working  together  leads  to  endless  confusion,  congestion  and  delay 
at  the  points  of  shipment. 

To  obviate  this  condition,  the  Bush  Terminal  Company  pro- 
vided on  the  South  Brooklyn  waterfront  float  bridges  where  not 
only  one  but  all  the  railroads  could  deliver  freight  cars  to  shore 
tracks,  and  a  car-distributing  yard  on  their  own  property,  from 
which  the  cars  could  be  delivered  as  required  alongside  factory 
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Kuildiiigs  SO  as  eii(irel\'  to  eliminate  not  only  (nickino;  charo-es, 
hut  also  unnecessary  delays  and  confusion  in  shipping.  The 
company  also  created  a  system  of  piers  backed  up  by  storage 
warehouses  for  the  receipt  and  storage  of  raw  nuiterial  and  also 
for  the  storage  of  finished  material  to  be  accunuilated  for  ship- 
uients  abroad.  The  result  is  the  most  perfect  system  of  rail  and 
niarine  freight  handling,  manufacturing  and  redistribution  that 
has  been  accoinplished  to  date  anywhere  in  the  world.  All  con- 
fusion and  interference  has  been  eliminated  and  congestion  is 
unknown,  and  the  general  plan  is  being  studied  and  copied  in 
uianv  parts  of  the  United  States. 

The  same  arrangement  applied  to  the  Manhattan  Avaterfront 
would  bring  about  a  satisfactoiy  solution  of  the  problem,  if  it 
were  not  for  the  congestion  resulting  from  necessity  of  access  of 
great  numbers  of  people  to  the  waterfront.  It  has  been  the  peo- 
l^le's  contention  that  their  safety  is  of  the  first  importance,  and 
(hat  consequently  no  additional  railroad  facilities  should  be  al- 
lowed upon  that  waterfront  and  even  that  those  existing  should 
l)e  removed.  To  this  end,  the  dock  commissioner  has  prepared 
an  elaborate  plan  for  moving  the  railroad  tracks  from  the  sur- 
face to  an  elevated  structure  ahmg  the  waterfront  accessible 
to  all  railroads.  This  plan,  however,  involves  an  almost  insur- 
utountable  difficulty  in  the  grade  to  be  overcome  in  raising  the 
cars  from  the  w^ater  level  to  from  25  ft.  to  oO  ft.  above,  and  the 
additional  expense  of  supporting  freight  cars  and  locomotives 
ujx)!!  an  elevated  structure. 

Primarily,  it  would  seem  that  the  object  to  be  attained  is  the 
separation  of  the  jjassenger  and  freight  transportation,  and  it 
would  appear  that  this  could  be  Ijrought  about  at  nnich  less  ex- 
pense by  elevating  the  passenger  traffic  at  and  along  the  water- 
front; that  is,  l)y  treating  the  Manhattan  waterfront  exactly  as 
the  Brooklyn  waterfront,  and  then,  for  the  passenger  traffic 
which  must  be  provided  for,  create  an  elevated  street  or  highway 
adjacent  to  and  along  the  front  of  the  i^iers  on  West  Street  to  be 
used  exclusively  for  foot  passengers  and  vehicles  for  passenger 
transportation,  to  ])e  reached  at  variou.s  points  which  might  be 
every  third  or  fourth  block,  l)y  ramps  of  a  grade  such  as  to  be 
unobjectionable  to  foot  passengers  and  vehicles. 

It  wcmld  then  be  p<!ssil)le  to  give  all  the  railroads  free  access 
with  cars  to  West  Sti-eet  and  eliminate  all  dfinger  to  foot  passen- 
gers.    The  railroad  and  terminal  coui])anies  could  then  take  up 
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and  develop  the  property  on  West  Street,  and  the  cars  would  be 
run  from  West  Street  directly  into  these  terminals  for  loading 
and  the  car  floats  would  disappear  from  the  waterfront  except 
at  the  float  bridges.  By  this  modification,  it  would  also  be  pos- 
sible to  distribute  the  car  float  bridges  along  the  waterfront, 
which  it  is  believed  Avould  be  more  practical  than  to  have  them 
all  at  one  point. 

DISCUSSION 

H.  McL.  Harding^  in  a  written  discussion  gave  a  detailed  de- 
scription of  the  various  methods  now  in  vogue  for  the  mechan- 
ical handling  of  freight  to  and  from  vessels  at  ports  both  in  the 
United  States  and  abroad,  including  the  gantry  crane,  the  ship's 
winch  and  the  transfer  hoist. 

At  the  foreign  ports  equipped  with  transferring  mechanism 
for  miscellaneous  cargos,  the  gantiy  crane  is  everj^where  in  evi- 
dence, not  only  in  German}^,  England  and  France,  but  also  in 
Japan  and  at  the  South  American  ports.  The  rapidity  attained 
by  this  crane  within  its  limited  range  is  remarkable,  and  this  is 
regarded  as  of  more  importance  than  economy  of  labor.  There 
has  been  discharged  from  the  ship's  hold  upon  the  piers  by  one 
electric  crane  134  tons  of  miscellaneous  freight  per  hour.  This 
embraces  about  45  to  60  cycles  per  hour  with  loads  varying  from 
1  to  3  tons  for  the  following  cycle :  hoisting,  40  ft. ;  swinging, 
150  ft. ;  lowering,  20  ft. ;  and  then  hoisting,  swinging  back  and 
lowering  the  hook  to  the  starting  point. 

In  one  example  the  total  working  expenses  for  400  tons  dis- 
charged by  electric  cranes,  with  current  at  6  cents  per  kw-hr.  and 
including  interest  upon  capital,  depreciation,  operators'  wages, 
lubrication,  etc.,  amounted  to  less  than  2  cents  per  ton,  discharg- 
ing from  the  hold  of  a  vessel  and  delivered  upon  the  pier.  It 
will  be  seen  that  at  an  expense  of  2  cents  per  kw-hr.  for  electric 
current,  the  cost  would  be  not  over  1%  cents  per  ton.  Mr. 
Broughton  states  in  the  London  Electrician  that  with  electric- 
ity at  2  cents  per  h.p-hr.  the  total  expense  of  the  crane  work  in 
discharging  1000  tons  of  general  cargo  with  cranes  of  3  tons  ca- 
pacity was  about  $4.13,  or  less  than  y^  cent  per  ton.  This  is  on 
the  basis  of  lifting  the  load  30  ft.,  slewing  100  deg.,  lowering  30 
ft. 

In  order  to  get  the  best  performance  in  hoisting,  there  should 

^  Consulting  Engineer,  17  Battery  Place,  New  York. 
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be  rapid  acceleration,  uniform  motion  at  high-speed  and  quick 
retardation.  There  is  excellent  economy  attained  in  rapidity  and 
economy  in  the  operation  of  the  gantry  crane.  Its  limiting  fac- 
tor is  its  range  of  operation,  being  able  to  serve  only  a  semicircle 
of  a  diameter  usually  not  in  excess  of  40  ft.,  or  perhaps  limited 
to  a  quadrant  of  a  circle  of  this  diameter. 

By  suitabh^  arranging  the  jibs  of  the  cranes,  three  gantry 
cranes  can  simultaneously  lift  the  cargo,  which  has  been  raised 
out  of  a  ship's  hold  by  the  ship's  cranes,  from  the  deck  or  from 
an  extended  platform,  or  even  from  the  side  of  the  piers,  or  in 
the  usual  way  of  burtoning.  On  projecting  piers,  as  along  the 
New  York  waterfront,  averaging  125  ft.  in  width,  if  a  gantry  on 
each  side  takes  up  40  ft.  there  would  be  room  only  for  a  shed 
45  ft.  in  width.  To  obviate  this  difficulty,  long  jib  gantries  are 
placed  upon  the  roof,  as  at  Bristol  and  Liverpool.  These,  how- 
ever, do  not  serve  the  interior  of  the  sheds  advantageously. 

In  the  United  States,  as  Mr.  Donnelly  has  stated,  the  ship's 
winch  is  almost  exclusively  used  for  miscellaneous  cargos,  al- 
though on  many  coastwise  ships,  the  winch  is  supplemented  by 
trucking  through  the  side  ports  from  between  decks  when  the 
tide  is  favorable.  Even  when  the  side  ports  are  used,  the  winch 
is  employed  for  cargo  from  the  lower  hold,  although  in  some 
cases  the  winch  is  used  to  raise  from  the  lower  hold  to  between 
decks,  and  the  load  then  swung  clear  of  the  hatchway  and  hand- 
trucked  through  the  side  ports.  Advocates  of  the  winch  state 
that  it  is  cheaper  than  trucking  through  the  side  ports,  and  fig- 
ures seem  to  substantiate  this,  but  the  advantage  of  trucking 
through  the  side  port  is  that  there  is  less  congestion  than  when 
the  winch  is  the  exclusive  method. 

The  weak  point  of  the  ship's  winch  is  congestion  on  the  side  of 
the  pier,  even  when  the  draft  is  burtoned  or  when  there  is  an  in- 
clined gang-plank.  It  may  be  said  that  there  is  even  more  con- 
gestion when  the  plank  is  used,  though  it  increases  the  distance 
from  the  edge  of  the  pier  where  the  draft  can  be  placed.  The 
drafts  are  deposited  in  the  little  space  upon  the  side  of  the  pier 
opposite  the  hatch  which  is  being  unloaded,  which  is  about  7  to 
8  ft.  long  and  about  7  ft.  wide.  An  individual  draft  will  aver- 
age less  than  two  boxes,  though  it  may  comjjrise  six  boxes,  vary- 
ing from  one  to  six  marks  or  cross-marks,  and  provision  must  be 
made  for  all  conditions  or  circumstances.  There  are  sometimes 
three  winches  working  at  the  same  hatch ;  and  the  weights  of  the 
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iiidiviclual  drafts  and  the  number  per  hour  would  compare  favor- 
ably with  the  operation  of  the  gantry  crane,  were  it  not  for  the 
congestion  produced  on  the  side  of  the  pier  dne  to  the  area  being 
so  limited,  and  for  the  necessity  for  distribution  according  to  the 
number  of  shipping  marks  and  cross-marks.  There  are  about  40 
drafts  per  hour  with  an  average  load  of  II/2  tons.  This  conges- 
tion prevents  a  discharging  capacity  eijual  to  that  of  the  gantry 
cranes. 

The  cost  per  ton  of  swinging  upon  the  side  of  the  pier  by  the 
winch  is  about  3  cents.  The  second  movement,  inchuling  distrib- 
uting to  the  various  portions  of  the  piers,  assorting  and  tiering, 
averages  about  30  cents  per  ton;  this  includes  very  little  tiering, 
only  to  about  the  usual  height  of  5  ft. 

It  will  be  noticed  that  neither  the  ship's  winch  nor  the  gantry 
crane,  either  separately  or  combined,  fulfils  the  conclusion  of  the 
Association  of  Navigation  Congresses  at  its  Philad('l]ihia  meet- 
ing in  May  1912,  to  the  eifect  that  "  all  the  terminal  area  must 
be  served  mechanically,"  that  is,  that  cA^ery  cul)ic  foot  (not  s(iuare 
foot  only)  within  the  terminal  area  must  be  served  by  machinerv 
so  as  to  avoid  rehandling,  and  that  tlierc  must  be  continuous 
rapidity. 

Mr.  Harding  then  referred  to  the  third  metliod  of  freight  han- 
dling now  being  adopted  along  the  German  rivers,  which  may  be 
called  the  transfer  hoist.  This  consists  of  a  tractor,  suspended 
from  an  overhead  track,  and  three  trailers  or  more  drawn  by  it, 
forming  a  train.  Each  trailer  consists  of  a  hoist  suspended  from 
wheels  engaging  the  overhead  track.  The  tractor  and  hoists  are 
all  controlled  by  a  transfer  man  in  a  closed  cab.  There  are  in 
general  fixed  side  tracks  and  movable  cross  tracks.  The  movable 
tracks  are  supported  from  a  traveling  crane,  either  of  the  shop 
or  gantry  type,  and  are  either  between  the  fixed  side  tracks  of 
the  shop  crane,  or  in  the  form  of  a  loop  when  supported  from 
the  gantry  crane. 

By  means  of  this  arrangement  of  fixed  and  movable  tracks  all 
cubical  area  can  be  served  the  same  as  with  a  shop  crane,  but  with 
the  addition  of  continuous  rapidity.  These  transfer-hoist  trains, 
moving  along  suitably  planned  fixed  and  movable  tracks,  in  com- 
bination with  the  ship's  winch  or  with  the  traveling  gantry  along 
broad  quay  walls,  or  even  in  combination  with  the  so-called 
"  cargo  hoists,"  will  enable  the  concbision  of  the  Navigation 
Congress  to  be  satisfactorily  fidfiUed.     The  ship's  winches  will 
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hoist  from  the  hold  through  Ihe  halclnvays  ul)()ve  the  ship's  deck, 
and  from  there  the  transfer  hoist  by  burtoning  will  convey  and 
lower  to  any  part  of  the  terminal,  traveling  suspended  from  the 
overhead  tracks.  Provision  is  made  for  distribution  and  assort- 
ing, each  hoist  generally  conveying  only  one  consigmnent. 

For  the  transference  of  miscellaneous  cargos,  the  gantry  crane, 
though  possessing  great  rapidity  and  economy  of  operation,  is 
not  suitable  for  narrow  projecting  piers  on  account  of  the  room 
necessarily  occupied  if  located  upon  the  pier  floor;  if  upon  the 
i-oof,  it  does  not  serve  the  interior  of  the  shed  satisfactorily,  while 
for  the  larger  ships,  its  reach  is  not  sufficient  to  serve  the  holds ; 
this  is  especially  true  when  they  are  breasted  out  20  ft.  or  more. 
Its  range,  though  much  greater  than  the  winch,  does  not  serve 
sufficient  terminal  area.  For  cargos  of  but  few  shipping  marks, 
of  the  smaller  ships  berthed  along  quay  walls  with  car  tracks 
under  or  adjacent  to  the  gantry  crane,  the  results  are  excellent, 
though  its  range  of  service  is  still  limTted. 

The  ship's  winch  is  economical  and  rapid  in  operation,  but  its 
range  is  exceedingly  small  and  its  rapidity  of  operation  is  limited 
by  the  congestion  occurring  at  the  place  of  depositing.  In  com- 
bination with  other  appliances,  as  described,  its  rapidity  is  in- 
creased and  the  congestion  removed. 

The  transfer  hoist  in  trains,  with  fixed  and  movable  overhead 
tracks  in  combination  with  the  ship's  winch  or  with  the  gantry 
crane  gives  rapidity,  economy,  and  the  serving  of  the  whole  term- 
inal area,  and  also  provides  for  distributing  and  assorting. 

Harry  Sawyer  ^  took  up  the  question  of  congestion  in  the 
streets.  He  said  there  were  various  wa^^s  of  overcoming  it:  by 
reducing  the  amount  of  freight  handled,  hj  distributing  it  over 
longer  periods  of  time,  by  distributing  it  over  greater  area,  and 
by  handling  it  at  a  higher  rate  of  speed. 

The  first  was  certainly  not  the  solution  as  the  quantit}'  of 
fi'eight  handled  could  not  be  reduced,  but  more  and  more  freight 
had  to  be  handled  all  the  time.  Of  the  remaining  uiethods  the 
distribution  over  longer  periods  of  time  could  be  obtained  if  trans- 
portation companies  would  take  freight  from  the  shipper's  place 
of  business  and  deliver  it  to  the  consignee  as  express  companies 
do.  Motor  trucks  could  make  regular  trips  through  the  city  de- 
livering and  collecting  freight.     This  would  reduce  cfist  as  avcII 

1  Consulting  Engineer,  Shaw  Electric  Crane  Co.,  Muskegon,  Mich. 
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as  save  congestion  of  streets  for  fewer  trucks  would  be  required 
and  they  would  go  loaded  both  ways.  A  great  amount  of  travel 
with  small  or  no  load  would  be  saved. 

The  means  of  saving  congestion  by  distributing  the  work  over 
a  greater  area  could  be  made  very  etfective.  A  series  of  local 
freight  stations  should  be  provided  with  a  railway  system  for 
local  distribution.  With  such  a  system  long  hauls  to  and  from 
steauiship  piers  would  be  avoided.  The  short  hauls  to  the  nearest 
local  station  would  save  both  in  expense  and  street  congestion. 

Mechanical  appliances  for  handling  freight  rapidly  to  and 
from  drays  and  in  sheds  should  materially  reduce  congestion. 

As  to  the  question  of  two  levels  it  seemed  entirely  practical, 
and  the  economy  of  space  was  of  sufficient  importance  fully  to 
justify  it,  but  the  best  division  of  work  between  the  two  levels 
might  be  an  open  question.  Railway  cars,  draj^s,  and  passenger 
traffic,  both  foot  and  carriage,  must  be  considered.  A  separation 
of  grades  was  desirable  and  with  two  grades  for  three  classes  of 
traffic  it  seemed  better  to  combine  dray  and  passenger  traffic  on 
one  level  than  to  combine  either  one  with  railway  traffic.  If  pas- 
senger traffic  alone  was  to  pass  over  the  second  floor  the  force  of 
Mr.  Donnelly's  argument  that  only  a  light  structure  would  be 
required  could  be  conceded,  but  this  arrangement  would  not  ac- 
complish the  desired  result,  as  there  would  be  railway  cars,  street 
trucks,  and  foot  passengers  all  on  grade,  for  it  was  not  possible 
to  exclude  foot  passengers  where  trucks  were  allowed.  There 
were  several  advantages  in  elevating  the  railway  tracks.  Grade 
crossings  would  be  eliminated.  With  suitable  freight  handling 
facilities,  the  freight  could  be  unloaded  from  steamer  to  the  sec- 
ond floor  of  the  pier  shed  fully  as  cheaply  as  it  could  be  unloaded 
to  the  first  floor.  If  the  chain  of  local  freight  stations  and  the 
distributing  railway  were  installed  most  of  the  freight  would 
come  to  and  leave  the  pier  by  rail  and  would  be  handled  on  the 
second  floor  level  without  interruption  or  interference  by  truck 
and  passenger  traffic  which  would  have  exclusive  use  of  the  grade 
level.  It  had  become  the  established  practice  where  traffic  de- 
manded separatioYi  grades  to  put  steam  railways  either  over- 
head or  underground,  reserving  the  street  level  for  truck  and 
passenger  traffic,  and  it  was  a  question  if  this  practice  could  be 
reversed  in  the  case  of  the  New  York  waterfront. 

Eltas  Caiin  ^  agreed  with  Mr.  Sawyer  in  regard  to  the  relative 
1  Dock  Department,  Pier  A,  North  River,  New  York. 
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cost  of  the  railroad  tracks  on  the  grade  and  an  upper  level.  If 
the  street  was  to  be  250  ft.  wide,  as  it  would' have  to  be  to  pro- 
vide for  wagon  and  vehicular  traffic  as  well  as  foot  passengers, 
at  least  50  ft.  of  this  roadway  would  be  needed  for  railway  trains, 
which  would  make  the  cost  very  great;  if  the  cost  of  the  ramps 
leading  up  from  the  street  to  the  elevated  structure  were  added 
to  this,  the  expense  would  be  even  greater.  The  ramps  would  re- 
quire about  a  5  per  cent  grade,  necessitating  a  length  of  about 
500  ft.  Immediate  adoption  of  this  plan  Avould  be  impossible,  as 
many  of  the  piers  had  only  one  floor,  and  the  railroad  companies 
would  not  adopt  this  system  innnediately.  In  the  meantime  the 
city  would  suffer  damages. 

The  provision  of  an  elevated  roadway  meant  practically  rais- 
ing the  street,  and  all  the  buildings  alongside  the  street  would 
suffer  damages  in  consequence  of  the  changes  required  to  adapt 
them  to  the  new  scheme.  If  the  former  were  adopted,  every  one 
of  the  single-story  piers  would  have  to  be  changed  to  a  two-story 
structure,  and  all  the  houses  alongside  the  street  would  have  to 
be  changed  accordingly.  The  property  in  the  street  where  the 
ramp  was  located  would  likewise  suffer  damages,  and  the  cost 
would  be  absolutely  prohibitive.  An  elevated  freight  railroad 
therefore  appeared  preferable  to  an  elevated  street. 

Geo.  a.  Orkok  presented  some  figures  for  the  cost  of  handling 
coal  on  a  pier  Avhich  was  properly  designed  for  the  purpose. 
Some  twenty  years  ago  when  he  first  commenced  to  study  the 
coal-handling  business,  it  was  thought  very  satisfactory  if  coal 
could  be  removed  from  a  ship  for  anywhere  from  25  to  30  cents 
per  ton.  When  this  cost  was  reduced  to  14  cents  a  ton  it  was 
thought  remarkably  low  indeed ;  it  was  only  a  few  years  since  it 
reached  as  low  as  7  cents  a  ton.  Today,  coal  in  bulk,  both  at  the 
big  power  stations  and  at  the  big  receiving  points,  was  being 
taken  out  of  ships  and  barges  at  an  expense  not  exceeding  2  cents 
a  ton  where  trimming  could  be  left  out  of  the  question.  Most  of 
the  ships  used  for  the  transporting  of  coal  were  self-trimming 
ships. 

Mr.  Orrok  did  not  think,  however,  that  package  freight  could 
be  handled  from  vessels  by  machinery.  If  there  were,  as  very 
frequently  happened  in  a  steamer,  4000  to  5000  packages  of 
freight  of  all  sizes,  from  a  few  pounds  up  to  15  tons  in  weight, 
each  of  the  packages  probably  addressed  to  different  persons 


1008  PORT   FACILITIES    FOR   SHIPS   AND    CARGOS 

scattered  over  at  least  three-quarters  of  the  United  States,  they 
could  not  be  put  in  the  same  freight  car,  but  had  to  be  separated 
on  the  pier.  Under  these  conditions  it  looked  as  if  the  present 
Avay  of  handling  it  was  about  the  best  way.  Handling  packages 
by  machinery  took  a  good  deal  of  time  and  money :  the  men  had 
to  be  paid  to  do  the  work,  and  at  the  same  time  the  machinery 
had  to  be  kept  up.  A  man  with  a  two-wheel  truck  could  do  the 
work  just  as  well,  in  most  cases  at  less  cost. 

Mr.  Harding  replied  that  it  did  not  appear  to  be  econom- 
ical when  the  weight  of  the  package  was  small,  say  25  lb.,  but 
the  average  of  the  consignments  was  very  much  greater.  On 
one  pier  in  New  York  City  the  weight  of  the  average  consign- 
ment that  came  across  the  bulkhead  was  about  750  lb.,  while  at 
another  in  Providence,  it  was  1000  lb.,  and  on  the  steamships 
it  was  about  1200  lb.,  varying  according  to  whether  it  was  in  the 
coastwise  service  or  a  trans- Atlantic  liner. 

W.  C.  Brinton  ^  said  that  practically  all  the  equipment  and 
devices  described  by  Messrs.  Harding  and  Donnelly  had  to  be 
installed  at  the  time  a  pier  shed  was  built.  It  was  not  usually 
feasible  to  place  overhead  equipment  in  the  type  of  pier  sheds 
or  warehouses  existing  today.  The  head  room  in  most  of  them 
was  not  sufficient  to  permit  the  economical  operation  of  an  over- 
head system.  Though  it  might  be  possible  physically  to  install 
an  overhead  system  in  existing  types,  the  room  available  between 
the  bottom  of  the  carriers  and  the  floor  would  be  so  small  that 
there  would  not  be  sufficient  height  for  tiering  goods. 

The  overhead  systems  of  telpherage  and  transferage  might 
possibly  be  developed  in  the  future  so  that  it  would  be  advan- 
tageous to  install  these  systems  for  certain  classes  of  work  when 
entirely  new  piers  or  warehouses  were  being  built.  Looking 
ahead  a  few  years,  the  overhead  system  would  first  become  a  defi- 
nite success  on  specially  constructed  piers  which  handled  only 
cargos  of  a  single  commodity  or  cargos  containing  but  a  few  dif- 
ferent lots  and  thus  requiring  but  little  sorting. 

He  stated  that  there  was  in  this  country  today  an  investment 
of  several  billion  dollars  in  piers  on  which  the  overhead  system 
could  not  be  applied  in  such  a  manner  as  would  give  a  fair  finan- 
cial return  on  the  investment.     Pier  owners  could  not  afford  to 

^  Bush  Terminal  Company,  Brooklyn,  N.  Y, 
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tear  down  their  old  pier  sheds  and  biiikl  new  ones  in  order  to 
get  the  head  room  required  by  any  transferage  system. 

Storage  battery  trucks  were  the  most  feasible  means  for  imme- 
diate improvement  with  existing  piers  and  warehouses.  There 
were  a  great  many  phmts  in  Avhich  storage  battery  trucks  could 
make  a  direct  money  saving  as  compared  with  the  cost  of  hand 
trucking.  One  of  the  chief  advantages  of  the  storage  battery 
truck  consisted  in  its  ability  to  do  the  same  work  in  less  time 
than  was  required  by  hand  trucking.  The  freight  handling  ca- 
l)acity  of  existing  piers  could  be  increased  by  the  electric  truck, 
and  ships  would  not  need  to  be  detained  in  port  as  long  a  time 
as  was  now  required. 

Weather  and  other  conditions  beyond  human  control  made  it 
impossible  to  have  freiglit  steamers  arrive  on  any  regular  sched- 
ule. The  result  followed  that  the  work  on  most  piers  Avns  either 
a  feast  or  a  famine.  For  rapidly  fluctuating  volumes  of  work 
there  was  a  great  advantage  in  having  machinery  Avhich  was 
completely  self-contained  and  which  could  be  instantly  moved 
from  pier  to  pier  wherever  the  work  might  be. 

He  thought  that  engineers  had  not  yet  fidly  developed  the 
possibilities  of  electric  machinery  driven  from  flexible  cable 
plugged  in  at  any  convenient  socket  on  piers  com})letely  wired 
with  power  circuits.  Storage  battery  cranes  and  dock  trucks 
were  but  in  their  infancy.  Considering  the  great  investment  re- 
quired for  new  and  higher  pier  sheds,  and  the  investn^ent  in  over- 
head trackage  which  on  the  average  pier  must  occasionally  re- 
main entirely  idle,  the  most  ]iromising  means  for  innnediate 
improvement  lay  in  machinery  operated  on  tlie  floor  level  and 
driven  from  flexible  cable  or  from  stoi'age  batteries. 


BOSTON  MEETINGS 

At  the  meeting  of  the  Society  in  Boston  on  February  25,  the 
principal  paper.  Some  Thermal  Properties  of  Concrete,  was  pre- 
sented by  Prof.  C.  L.  Norton,  Mem.Am.Soc.M.E.  This  was 
followed  by  a  brief  paper  on  Experience  with  Concrete  in  Fires, 
by  G.  E.  Fisher,  engineer  of  the  Arkwright  Mutual  Fire  Insur- 
ance Companies.  On  March  25  Frank  W.  Reynolds,  Mem. Am. 
Soc.M.E.,  presented  the  main  paper  of  the  meeting,  The  Modern 
Cotton  Mill.  This  was  followed  by  short  papers  on  Lighting  of 
Mills,  by  Albert  Pearson,  Mem.Am.Soc.M.E.,  and  Air  Con- 
ditioning for  Textile  Mills,  by  Frederick  W.  Parks,  president  of 
the  G.  M.  Parks  Company,  Fitchburg,  Mass. 

Abstracts  of  the  papers,  together  with  the  discussion  presented 
at  each  meeting,  are  given  herewith.  The  complete  reports  are 
on  file  in  the  rooms  of  the  Society, 

SOME  THERMAL  PROPERTIES   OF  CONCRETE 

By  Charles  L.  Norton,  Boston,  Mass. 
Member  of  the  Society 

Since  December  1907  a  series  of  experiments  has  been  carried 
on  in  the  laboratory  of  heat  measurements  of  the  Massachusetts 
Institute  of  Technology,  having  for  its  object  the  study  of  those 
physical  proi^erties  of  portland  cement  concrete  which  affect  its 
value  as  a  fire  resistant  material.  While  these  researches  are  not 
complete,  it  is  perhaps  of  interest  at  this  time  to  discuss  some  of 
the  results  obtained. 

It  was  proposed  at  the  outset  to  make  a  stud.y  of  the  various 
physical  properties  of  portland  cement  concrete  over  as  wide  a 
range  of  temperatures  as  possible,  and  among  the  properties  were 
the  folloAving: 

a     Coefficient  of  linear  expansion 
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h     Diiiiiiiiition  of  mechanical  strength  after  heating 
c     Specific  heat 

d     Coetiicient  of  tliernial  conductivity 
A  comparison  with  other  materials  was  also  planned. 

COEFFICIENT   OF   LINEAR   EXPANSION 

The  measurements  of  the  coefficient  of  linear  expansion  are 
now  practically  completed.  The  method  adopted  for  the  measure- 
ments of  elongation  caused  by  heating  was  the  common  so-called 
telescope  method.  The  specimens  in  the  shape  of  ()-in.  or  10-in. 
cubes  were  slowly  heated  in  a  double  gas  muffle  or  an  electric 
resistance  furnace.  The  temperature  of  the  furnace  and  of  a* 
number  of  points  in  the  concrete  was  taKen  by  means  of  plati- 
num-rhodium couples.  Near  the  furnace  were  mounted  two 
telescopes,  which  could  be  sighted  through  holes  in  the  furnace 
wall  upon  reference  points  on  the  surface  of  the  block.  At  low 
temperatures  an  arc  light  and  system  of  mirrors  were  used  to 
furnish  adequate  illumination.  One  of  the  telescopes  was  pro- 
vided with  a  micrometer  eye-piece  by  means  of  which  a  move- 
ment of  the  reference  mark  of  0.0001  in.  could  be  measured. 

The  values  obtained  at  low  temperatures  agree  very  well  with 
the  commonly  accepted  value  of  0.0000055  for  the  elongation  per 
unit  of  length  per  deg.  fahr.  Apparently  this  value  increases 
slightly  up  to  575  deg.  fahr.  Above  this  point  the  coefficient  be- 
comes smaller;  at  1,500  deg.  falir.  the  coefficient  becomes  zero,  and 
above  this  point,  slightly  negative. 

Table  1  gives  the  average  values  for  a  large  number  of  speci- 
mens: 

TABLE   1     AVERAGE  VALUE   OF  SPECIMENS 

Temperature,  Deg  Fahr.  /?  in  the  Expression  h  —  lo  (1+/30  ■ 

72  to  360  0.0000045  to  0.000060 

72  to  750  0.0000050  to  0.000060 

72  to  1090  0.0000045  to  0.000050 

72  to  1600  0.0000035  to  0.000042 

The  blocks  whicli  had  l)een  heated  to  1,500  deg.  did  not  return 
to  their  original  dimension  on  cooling,  their  permanent  elonga- 
tion being  about  75  per  cent  of  their  maximum  elongation.  There 
was  no  sensible  permanent  elongation  resulting  from  a  second 
heating. 

All  of  the  specimens  tested  for  expansion  were  of  stone  con- 
crete of  the  proportions  1:2:  5.  The  stone  was  clean,  the  sand 
sharp,  the  cement  of  good   quality,   and   every   precaution   was 
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taken  to  secure  a  concrete  of  the  lirsl  order.  The  specimens 
weighed  on  the  axerage  ioU  lb,  per  cu.  ft.  A  considerable  num- 
ber of  tests  demonstrated  that  the  dimension  which  these  small 
cubes  took  during  a  rise  in  temperature  was  dependent  upon  the 
temperature  of  the  o^itside  rather  than  the  average  temperature 
of  the  block. 

The  variation  of  this  coefficient  with  the  temperature  is  such 
as  to  make  the  diiference  between  it  and  the  coefficient  for  steel 
considerable  at  high  temperatures.  As  has  been  well  understood, 
the  siuiilarity  of  the  coefficient  is  helpful  in  preserving  the  integ- 
rity of  reinforced  concrete  structures  at  ordinary  temperatures, 
but  the  divergence  of  the  two  coefficients  at  higher  temperatures 
is  not  a  serious  matter  in  the  reinforced  structure  when  exposed 
to  fire,  since  the  metal  reinforcement  and  the  concrete  surface 
are  rarely  at  the  same  temperature. 

There  is  a  marked  expansion  increase  up  to  about  700  deg. 
fahr.  followed  by  a  slower  rate,  and  at  about  1500  deg.  fahr.  by 
marked  shrinkage. 

comparison  with  clay  brick  and  silica  brick 

Clay  Brick  Silica  Brick 

Temperature  Range,  Deg.  Fahr.  Coefficient  of  Expansion  (/3) 

0  to  900  0.0000038  0.000012 

0  to  1600  0.0000031  0.000008 

0  to  1900  0.0000023  0.000007 

Some  bricks  and  all  concrete  are  liable  to  a  permanent  set  of 
about  75  per  cent  of  their  total  ehmgation  on  heating  to  1500 
deg.  fahr. 

dt:>iinution  of  :meciianical  strength  after  heating 

In  order  to  study  the  eifect  of  high  temperatures  upon  the 
compressive  strength  of  concrete  several  scores  of  G-in.  and  8-in. 
cubes  were  made  and  allowed  to  set  for  90  days  or  slightly  longer. 
These  blocks  were  heated  at  different  temperatures  in  a  gas  fur- 
nace similar  to  that  used  for  the  expansion  experiments,  for  dif- 
ferent lengths  of  time  at  various  periods  from  the  90  days  up 
to  five  years. 

The  cubes  which  were  not  heated  showed  an  average  compres- 
sive strength  of  2700  lb.  per  sq.  in.  when  90  days  old ;  at  the  end 
of  five  years  the  compressive  strength  of  the  blocks  had  risen  to 
an  average  value  of  4278  lb.  per  sq.  in.  When  aged  for  90  days 
in  a  damp  place ^  exposed  to  fire  at  900  deg.  fahr.  for  two  hours, 
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the  compressive  strength  fell  to  2200  lb.,  or  a  loss  of  15  per  cent. 
Blocks  five  years  old,  dry,  exposed  to  fire  at  1700  deg.  fahr.  for 
two  hours,  gave  values  of  1500  to  1900  lb.  per  sq.  in.,  a  loss  of  50 
per  cent  to  65  per  cent. 

The  loss  was  much  more  marked  in  the»case  of  the  G-in.  than 
the  8-in.  cubes.  It  is  evident  that  the  small  cubes  give  far  too 
great  loss  in  strength  on  heating.  Some  cubes  allowed  to  stand 
lost  much  by  slacldng;  this  action  has  been  noted  by  Professor 
Woolson  in  earlier  tests.  It  should  be  noted  also  that  there  was 
a  considerably  greater  deformation  under  load  of  the  heated 
blocks  than  of  those  not  heated. 

A  large  number  of  small  beams  were  next  made,  some  with 
and  some  without  reinforcement;  most  of  these  were  either  6  in. 
by  6  in.  by  48  in.  or  8  in.  by  8  in.  by  48  in.  The  specimens  which 
were  reinforced  contained  four  %-in.  round  steel  rods  situated 
near  the  corners  equidistant  from  the  two  faces  of  the  beam.  In 
some  the  distance  from  the  reinforcement  to  the  face  of  the  beam 
was  1  in.  and  in  others  li/^  in.  A  few  beams  had  a  2-in.  protec- 
tion to  the  reinforcement. 

Three  beams  for  example,  each  6  in.  by  G  in.  by  48  in.,  in  which 
the  reinforcing  rods  were  1  in.  from  the  face  of  the  beams,  were 
broken  by  center  load,  the  first  beam  not  having  been  heated  at 
all,  the  second  heated  for  one  hour  in  a  fire  that  fused  the  surface 
of  the  concrete,  and  the  third  being  similarly  heated  for  two 
hours.  The  beam  which  was  not  heated  broke  under  a  load  of 
5700  lb.,  the  second,  heated  for  one  hour,  broke  at  2750  lb.,  while 
the  third,  heated  for  two  hours,  broke  at  1950  lb.  This  is  a  most 
remarkable  showing  under  severe  conditions.  It  should  be  borne 
in  mind  that  these  small  beams  were  so  slow  in  cooling  down  that 
they  showed  the  effect  of  heating  much  longer  than  the  time  men- 
tioned, say  24  hours.  The  flames,  moreover,  surrounded  the 
beams  on  all  sides.  In  tests  at  three  and  five  year  ages,  the  tem- 
perature was  between  1600  deg.  and  1700  deg.  fahr. ;  the  8  in.  by 
8  in.  by  48  in.  reinforced  beams  broke  at  14,200  lb.  when  not 
heated,  but  at  4920  lb.  when  heated.  Smaller  beams  6  in.  by  6  in. 
by  48  in.,  not  reinforced,  broke  at  1300  lb.  when  not  heated,  at 
less  than  100  lb.  heated. 

As  a  result  of  these  tests  upon  the  beams,  it  was  evident  that 
the  failure  of  the  specimens  was  in  every  case  due  to  the  rods 
pulling  through  the  concrete.  This  is  wholly  a  matter  of  insuffi- 
cient anchorage,  and  these  short  beams  are  therefore  not  very 
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helpful  in  giving  information  concerning  the  behavior  of  full- 
sized  beams  in  buildings,  and  except  as  they  give  relative  in- 
formation concerning  dill'erent  mixtures,  they  are  of  very  little 
value.  The  small  cross-section  of  these  beams  tends  to  make  the 
fire  exposure  abnormally  high.  It  should  be  noted  that  all  of 
the  non-reinforced  beams  broke  in  handling,  which  suggests  the 
severity  of  the  tests  as  compared  with  the  experience  of  actual 
conflagrations. 

A  series  of  similar  beams  was  next  made  up  of  cinder  concrete, 
the  proportions  of  the  mixture  being  1:2:6.  A  portion  of  these 
were  mixed  with  clean  cinders,  which  showed  upon  analysis  but 
little  carbon ;  a  second  part  was  mixed  with  cinders  to  which  10 
per  cent  of  fine  bituminous  coal  had  been  added  and  the  other 
beams  were  mixed  with  cinder,  to  which  had  been  added  25  per 
cent  of  fine  coal.  The  25  per  cent  mixture  can  be  disposed  of  in 
a  word — Avhen  once  thoroughly  heated  it  burned  until  it  fell  to 
pieces.  ^Yith  the  10  per  cent  mixture,  hoAvever,  no  such  action 
occurred;  there  was  no  indication  that  the  concrete  would  sup- 
]M)rt  its  ow^n  combustion  even  for  a  short  time.  It  was  apparent, 
however,  that  the  10  per  cent  mixture  was  not  so  good  a  fire- 
resistive  material  as  that  which  contained  no  added  carbon. 
From  the  few  specimens  containing  less  than  10  per  cent  which 
have  been  examined  up  to  the  present,  it  seems  probable  that  the 
safe  limit  is  close  to  5  per  cent.  More  information  is  now  being 
secured  on  this  point  by  the  use  of  larger  beams. 

SPECIFIC    HEAT 

The  study  of  the  specific  heat  of  concrete  was  made  by  the 
ordinary  calorimeter  method,  the  "  method  of  mixtures  "  of  Reg- 
nault.  Specimens  of  the  concrete,  usually  fragments  of  the  larger 
test  pieces,  were  heated  slowly  in  an  electric  resistance  furnace 
to  the  desired  temperature  and  then  plunged  into  the  calorimeter. 
The  weight  of  the  water  and  its  rise  in  temperature  give  the 
amount  of  heat  given  off  by  the  body  in  cooling.  Extraordinary 
]irecautions  were  taken  in  getting  the  exact  average  temperature 
of  the  specimen  in  the  furnace,  and  to  insure  its  rapid  trans- 
fer to  the  calorimeter.  In  most  of  the  experiments  a  double 
calorimeter  was  used  so  that  the  specimen  did  not  come  in  con- 
tact with  the  water  of  the  calorimeter,  so  that  any  evolution  of 
heat  by  hydration  of  the  cement  was  avoided.  Tables  2  and  3 
give  the  specific  heat  of  concrete  and  of  other  materials. 
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TABLE  2     SPECIFIC  HEAT 


Temperature, 
Deg.  Fahr. 

Stone  Concrete 
1—2—5 

Stone  Co^icrete 

Cinder  Concrete 
1—2^ 

72  to  212 
72  to  372 
72  to   1172 
72  to   1472 

0.156 

0.192 
0.201 
0.219 

0.154 
0.190 
0.210 
0.214 

0.180 
0.206 
0.218 

TABLE  3 

SPECIFIC  HEAT  OF  OTHER  MATERIALS 

Material 

Temperature 

Specific  Heat 

72  to  500 
72  to  800 
72  to  212 
72  to  212 
72  to  212 
72  to  500 
72  to  1100 
400  to  1200 

room  temperature 

? 
? 

? 

0.210 

0.204 

Stone  Concrete 

0.180 

Cinder  Concrete 

0.156 

Red  Brick 

0.214 

Red  Brick 

0.192 

Red  Brick 

0  200 

0.308 

0.305 
0.279 
0.271 

Sand 

0.186 
0.191 

Trap 

0  201 

Sandstone 

0.258 
0.270 
0.220 

Dolomites 

0.222 

Slag 

0.169 

Granite 

0.173 

0.196 
0.200 

COEFFICIENT   OF   THERMAL    CONDUCTIVITY 

The  measurements  of  thermal  conductivity  were  made  by  a 
number  of  methods  and  have  taken  far  more  time  and  energy 
than  all  the  others  put  together.  The  thermal  conductivity  is 
that  property  which  determines  how  rapidly  heat  will  travel 
through  a  substance  and  how  rapidly  therefore  objects  beyond 
will  be  heated  by  transmission.  The  conductivity  becomes  of 
prime  importance  in  all  questions  of  protection  of  the  metal  in 
reinforced  concrete  buildings.  There  is  a  limited  amount  of  data 
to  be  found  relative  to  this  important  property  of  any  of  the 
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coimiKui  materials  of  oii^iiinccM-iiio-  and  such  data  as  are  to  be 
rcmiul  are  not  concordant.  As  to  the  conductivity  of  concrete  or 
its  \ariation  with  temperature  and  with  composition,  practically 
nothing  has  been  loiown. 

The  methods  adoi)tcd  Tor  the  measurements  will  be  here  de- 
scribed in  outline  only.  The  formula  showing  the  relation  of  the 
temperature  upon  the  two  sid(>s  of  a  ])late  to  the  amount  of  heat 
which  would  flow  through  it  is  as  follows: 

K(t^  —  t.,)  sA 
^~ d" 

or    K  = ^-^_ 

{t,  —  L)As 

where 

A' =  the    coefficient    of    thermal    ccmductivity    dependent 
ui)on  the  nature  of  the  material  and  its  temperature 

Q  r=  the  quantity  of  heat  flowing  through  the  plate  in  the 
area  measured 

A  ■=  the  area 

t^  =  the  temperature  of  the  hotter  side  of  the  plate 

t.  =  the  temperature  of  the  cooler  side  of  the  plate 

d  =:  the  thickness  of  the  plate 

s  =  time  during  which  Q  units  flow  through  the  area  A. 

The  formida  will  be  seen  to  be  merely  an  expression  of  the 

folloAving  relations,  that  the  fiow  of  heat  is  proportional  to  the 

area,  to  the  temperature  and  to  the  time,  and  that  it  is  inversely 

proportional  to  the  thickness. 

After  spending  man}'  months  in  attempting  to  develop  other 
methods,  the  electrical  method  used  by  the  writer  for  the  past 
15  years  in  studying  the  flow  of  heat  through  steam  pipe  cover- 
ings Avas  adopted.  The  value  Q  of  the  heat  flowing  Avas  deter- 
mined by  supplying  the  heat  by  means  of  the  heating  of  a  con- 
ductor carrying  a  current  of  electricity;  by  measuring  the  elec- 
trical energy  supplied  the  quantity  of  heat  developed  may  be 
known  wdth  great  precision.  Further,  if  this  heat  is  passed 
through  the  plate  under  test  and  into  a  calorimeter  on  the  far 
side,  a  check  upon  the  value  of  Q  may  be  had.  For  the  deter- 
mination of  the  temperature  diffei'ence,  thermal  couples,  re- 
sistance thermometers,  and  mercury  thermometers  were  used,  but 
thermal  junctions  made  of  thin  strips  of  copper  and  nickel,  or 
of  platinum  and  platinum-rhodium,  were  generally  found  most 
serviceable. 
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The  apparatus  used  for  the  lower  temperatures  consisted  of 
a  thin,  electrically-heated  plate,  to  the  two  sides  and  edges  of 
which  concrete  could  be  applied.  Outside  of  the  concrete  there 
were  then  placed  heavy  copper  or  brass  plates  which  could  be 
kept  at  a  constant  temperature  by  an  internal  circulation  of 
water.  Thermal  junctions  were  placed  at  several  points  on  each 
surface  and  in  the  body  of  each  concrete  plate.  The  electrical 
input  was  measured  by  calibrated  Weston  instruments,  and  cali- 
brated thermal  junctions  gave  the  value  of  the  temperature  dif- 
ference to  the  nearest  one-one  hundredth  of  a  degree.  For  the 
thickness,  numerous  measurements  were  made  with  a  pair  of  flat- 
nosed  calipers  and  averaged.  It  was  necessary  to  keep  this  ap- 
paratus running  for  several  daj^s  before  it  could  be  balanced,  that 
is,  before  the  rate  of  flow  of  heat  outward  through  the  plates 
became  constant  and  equal  to  the  electrical  input. 

Later,  in  order  to  make  tests  on  plates  as  thick  as  some  of  the 
walls  in  common  use,  another  method  was  adopted.  Cubical 
boxes  36  in.  in  outside  dimension  were  built  with  walls  of  several 
thiclmesses.  Inside  the  boxes  were  placed  electric  heaters  which 
served  to  raise  the  inside  surface  to  a  temperature  above  that  of 
the  surroundings  and  a  small  fan  served  to  keep  the  air  in  the 
box  stirred  to  insure  uniformity  of  temperature  throughout.  The 
boxes  were  tightly  sealed.  The  power  supplied  to  both  heater 
and  fan  was  measured  as  before.  Mercury  thermometers  and 
thermal  junctions,  as  well  as  a  Callender  recording  resistance 
thermometer,  were  used  to  measure  the  difference  in  the  tem- 
peratures inside  and  outside  of  the  box. 

Data  have  been  secured  on  scores  of  specimens  and  they  are 
practically  identical  with  the  results  obtained  by  the  plate  tester. 
It  must  be  borne  in  mind  that  the  thermal  conductivity  is  based 
upon  the  difference  in  temperature  at  some  two  points  in  the 
material  itself  and  not  the  difference  in  the  temperature  of  the 
air  on  the  two  sides  of  the  specimen.  If,  for  instance,  a  6-in. 
wall  of  solid  stone  concrete  separates  two  spaces  whose  tempera- 
tures are  40  deg.  fahr.  apart,  the  surface  temperatures  of  the 
concrete  will  be  much  nearer  one  another  than  40  deg.  fahr. 
There  is  a  drop  in  temperature  in  passing  through  the  wall 
which  is  dependent  upon  the  thermal  conductivity  and  upon  the 
quantity  of  heat  passing  through.  There  is  a  drop  in  tempera- 
ture at  the  surface  which  is  dependent  on  a  rather  complex  set 
of  relations  between  the  temperature  and  nature  of  the  surface 
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and  the  surroundings,  and  the  adjacent  air.  For  many  materials 
the  amount  of  heat  lost  from  a  surface  for  small  differences  in 
temperature  not  over  20  deg.  fahr.  is  between  16  and  18  B.t.u. 
per  sq.  ft.  per  24  hours  for  1  deg.  difference  between  the  surface 
and  the  average  temperature  of  the  surroundings.  More  than 
one-half  of  this  is  a  loss  by  radiation  in  accordance  Avith  the 
Stephan-Boltzman  law. 

Energy  =  Constant  ( T"  -  T^o) 

Yj^V/jTo  Y 


W^5.7  E 


Viooo/    Viooo/ 


where 


W  =  watts 

T  =  absolute  temperature  of  surface 

7©  =  absolute  temperature  of  surroundings 

E  =  about  0.6  to  0.7  (always  less  than  1) 
For  the  high  temperatures  a  modification  of  the  entire  process 
was  found  necessary.  The  concrete  to  be  tested  was  cast  in  the 
form  of  a  cylinder  on  the  outer  surface  of  and  concentric  with 
a  steel  bar  which  could  be  heated  to  a  high  temperature  by  the 
passage  of  a  heavy  current.  Outside  of  the  cylinder  of  concrete 
was  applied  a  closely  fitting  "  continuous "  calorimeter.  The 
temperatures  of  the  bar  and  of  the  calorimeter  were  measured 
by  thermal  junctions,  and  the  amount  of  water  and  its  rise  in 
temperature  gave  the  value  of  ^.  In  order  to  guard  against  the 
uncertainty  of  the  temperature  at  the  ends  of  the  bar,  the 
calorimeter  was  made  so  as  to  enclose  only  about  one-half  the 
length  of  the  bar,  the  rest  being  covered  by  guard  rings  similar 
to  the  calorimeter,  but  without  provision  for  the  measurement  of 
the  quantity  of  water. 

The  heating  of  the  bars  required  a  considerable  amount  of  spe- 
cial apparatus,  since  it  was  necessary  to  provide  a  current  of 
upwards  of  2000  amperes  for  the  high  temperatures,  and  to  be 
able  to  vary  its  amount  to  any  desired  value  below  that  point. 
For  this  purpose  there  were  installed  three  15-kw.  transformers 
connected  on  the  primary  side  with  a  three-phase  2300-volt  cir- 
cuit. By  means  of  divided  secondaries  and  a  rather  elaborate 
arrangement  of  switches,  the  secondary  voltage  could  be  varied 
from  190  volts  down  to  55  volts.  This  secondarA^  voltage  was 
applied  to  the  primary  of  a  second  step-down  transformer,  whose 
secondary  was  divided  into  20  coils.  By  means  of  a  switchboard 
the  entire  output  of  the  transformer  could  be  had  at  ^IffiQst  any 
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desired  low  \oltage.  This  enabled  us  lo  heat  bars  insulated  by 
materials  of  diU'erent  composition  and  of  different  thicknesses 
to  any  desired  temperature  up  to  2800  deg.  fahr.  With  this  ar- 
rangement both  the  steel  and  the  concrete  can  be  easily  melted. 

The  results  obtained  are  given  in  Table  4,  It  is  to  be  regretted 
that  there  is  no  uniformity  of  practice  as  to  the  units  to  be 
adopted  in  reporting  the  measure  of  effectiveness  of  insulators. 
While  the  physicist  renders  his  report  in  calories  per  square  centi- 
meter, per  centimeter  thickness,  per  one  degree  centigrade  per 
second,  the  steam  engineer  confines  his  ol)servations  to  B.t.u.  per 
hour,  per  s(iuare  foot,  per  inch  of  thickness,  per  one  degree 
fahrenheit,  and  the  refrigerating  engineer  reports  on  the  basis 
of  a  24-hour  time  unit.     The  writer  has  even  seen  a  report  in 

TABLE  4     COEFFICIENT  OF  THERMAL  CONDUCTIVITY  OF  CONCRETE 


Temperature  of  Hot 

Side  of  Plate 

Coefficient,  Cal.  per 

Coefficient,  B.t.u.   per 

Mixture 

1°  C.  per  sq.  cm. 
per  cm.  per  sec. 

1°  F.   per  sq.   ft.   per 

in.  thick  per  24  hours 

Deg.  Cent. 

Deg.  Fahr. 

35 

95 

stone   1 — 2 — 5 

0.00216 

150 

50 

122 

Stone    1—2—4 

not  tamped 

0.00110  to  .00160 

76.  to  114. 

50 

122 

Cinder  1—2—4 

0.00081 

56. 

200 

392 

Stone    1—2—4 

0.0021 

146. 

400 

752 

Stone   1—2—4 

0.0022 

153. 

500 

932 

stone    1 — 2—4 

0.0023 

160. 

1000 

1832 

Stone    1—2—4 

0.fl027 

188. 

1100 

2012 

Stone   1—2—4 

0 . 0029 

202. 

terms  of  hogsheads  of  water  raised  to  the  boiling  ])oint,  time 
not  stated.  A  brief  comparison  of  these  values  with  those  for 
other  materials  may  be  interesting. 

The  specific  heat  of  concrete  is  slightly  less  than  that  of  either 
red  brick  or  fire  brick,  hence  the  amount  of  heat  needed  to 
raise  the  temperature  of  a  pound  of  brick  is  about  10  per  cent 
more  than  for  a  pound  of  concrete.  But  the  density  of  concrete 
is  enough  greater  than  that  of  brick  to  raise  the  heat  capacity 
of  a  cubic  foot  of  concrete  above  that  of  brick.  The  diiference  is 
not  large,  however. 

It  seems  clear  that  for  a  time  after  the  beginning  of  exposure 
to  fire,  the  concrete  and  its  reinf^-rcement  will  expand  at  much 
the  same  rate,  but  that  the  further  expansion  of  the  surface  will 
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not  proceed  at  so  rapid  a  rate.  This  Avill  tend  to  reduce  the 
stresses  which  the  expansion  of  the  heated  surface  woukl  other- 
wise set  up  in  the  cooler  interior.  It  is  perhaps  because  of  the 
faihire  of  the  concrete  to  return  to  its  original  dimensions  that 
the  small  amount  of  surface  cracking  found  after  a  fire  is  due. 

The  experiments  made  with  coal  and  cinder  mixtures  indicate 
the  necessity  of  added  care  in  the  selectit)n  of  cinders  for  this 
purpose. 

Table  4  of  thermal  condiictivities  gives  data  as  to  the  rate  at 
which  heat  will  travel  through  concrete.  It  is  interesting  to  note 
the  great  dill'erence  between  the  tamped  and  the  untamped  con- 

TABLE  5     THERMAL  CONDUCTIVITIES 

B.t.u.  per  24  Hours  per  1  Deg. 

Material  Fahr.  Sq.  Ft.  per  1  In.  Thick 

Agglomerated  Cork 6.4  to  9.0 

Linings  or  Quilts  of  Hair  and  Flax 10.0  to  18.0 

Pine 13.0 

Oak 26.0 

Spruce 14.0  to  18.0 

Magnesia 10.0 

Asbestos  Sponge 8.0 

cretes  made  from  stone.  The  one  was  as  porous  as  possible,  and 
the  other  as  dense.  One  transmits  nearly  twice  as  much  heat  as 
the  other.  The  cinder  concrete,  as  is  commonly  believed,  is  much 
better  as  a  heat  insulator  than  the  stone  concrete,  being  nearly 
three  times  as  effective  as  the  denser  stone  concrete  in  retarding 
the  flow  of  heat.  It  may  be  interesting  to  call  attention  to  the 
heat  insulation  afforded  by  other  materials.  The  best  of  the 
commercial  articles  commonly  used  for  this  purpose  is  com- 
pressed cork,  which  is  nearly  25  times  as  effective  as  stone  con- 
crete. Steel,  on  the  other  hand,  transmits  heat  from  75  to  100 
times  as  fast  as  the  densest  of  the  stone  concrete. 
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EXPERIENCE  WITH  CONCRETE  IN  FIRES 

By  G.  E.  Fisher,^  Boston,  Mass. 
Non-Member 

The  fact  that  a  Imihling  is  of  concrete  construction  seems  to 
carry  with  it  the  idea  that  it  is  fireproof,  regardless  of  occupanc}^ 
This  word  fireproof  is  a  misnomer  when  applied  to  any  kind  of 
a  building  and  it  is  gradually  being  displaced  by  the  word  fire- 
resistive,  Avhich  includes  not  only  concrete  construction,  but  also 
the  type  now  so  common  invohdng  steel  frame  work  protected 
with  tile,  concrete  or  brick.  No  building  is  absolutely  fire-re- 
sistive, for  the  resistance  offered  to  fire  is  one  of  degree  only,  and 
if  the  heat  be  sufficiently  intense  and  prolonged,  nothing  can 
resist  it. 

At  high  temperatures  the  surface  of  concrete  is  easily  injured 
and  spalls  badly  when  water  is  thrown  on  it,  and  both  actual  fires 
and  experiments  hav-e  proved  that  where  these  temperatures  run 
from  1400  deg.  to  1900  deg.  fahr.  the  surface  of  the  concrete 
may  be  injured  to  a  depth  of  Y2  in.  to  %  in.,  or  even  1  in.,  but 
the  body  of  the  concrete  is  not  affected.  Excellent  heat  insulation 
is  afforded  by  concrete,  but  to  obtain  the  best  results  a  sufficient 
thickness  must  be  applied,  depending  largely  upon  the  occupancy 
of  the  building  under  consideration.  Experience  has  shown  that 
2  in.  of  concrete  will  protect  an  I-beam  Avith  good  assurance  of 
safety.  Obviously  a  building  having  combustible  occupancy 
should  have  a  heavier  protection  of  concrete  over  reinforcing 
members  than  one  having  noncombustible  occupancy. 

The  best  fire-resistive  materials  are  usually  considered  to  be 
first-class  portland  cement  with  quartz  sand  and  broken  trap  rock. 
Limestone  aggregate  will  not  stand  the  heat  so  well  as  trap  and 
the  particles  of  gravel  are  more  easily  loosened  by  extreme  heat. 
Cinders  make  a  good  aggregate  for  fire  resistance,  but  the  con- 
crete made  with  them  is  not  so  strong  as  the  rock  concrete  and 
cannot  be  used  where  high  compressive  values  are  necessary. 
Considered  from  an  insurance  point  of  view,  cinder  concrete  is 
not  so  desirable  as  that  made  of  trap  rock  on  account  of  the  por- 
ous quality  of  cinders ;  the  insurance  companies  have  learned  that 
with  cinder  concrete  they  are  called  upon  to  pay  losses  on  account 

>  Engineer,  Arkwright  Mutual  Fire  Insurance  Company. 
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of  damage  from  water  used  at  times  of  fire,  which  percolates 
through  the  small  interstices  of  the  cinders,  which  the  cement 
mixture  cannot  reach,  to  the  floors  below. 

At  the  Baltimore  fire  there  were  only  27  buildings  of  fire-re- 
sistive construction  in  the  whole  burned  area,  these  buildings 
ranging  from  1  to  14  stories  in  height.  Of  this  number  that  of 
the  International  Trust  Company  of  Maryland  had  floors  of 
reinforced  concrete,  and  that  of  the  United  States  Fidelity  and 
Guarantee  Company  had  floors  and  roof  of  reinforced  concrete. 
In  both  cases  the  floors  and  roof  passed  through  the  fire  very 
well  and,  except  for  slight  cracking  and  settling  in  a  few  places, 
were  practically  uninjured.  The  conclusions  reached  regarding 
concrete  by  the  Baltimore  committee  that  investigated  the  fire 
were  that,  w^hile  concrete  floor-arch  construction  was  used  in  only 
a  few  buildings  exposed  to  this  conflagration,  as  far  as  tested  the 
concrete  stood  in  good  shape. 

At  the  San  Francisco  conflagration  every  type  of  construction 
was  represented  and  the  ruins  afforded  a  most  excellent  oppor- 
tunity for  c(miparative  study,  although  the  information  obtained 
was  incomplete,  as  materials  were  not  subjected  to  action  of  hose 
streams  on  account  of  failure  of  water  suppl^y.  The  Academy  of 
Sciences  building  of  concrete  construction,  six  stories  high,  was 
completely  destroyed,  but  a  six-story  annex  had  brick  walls,  rein- 
forced concrete  floors  and  concrete-filled  cast-iron  columns  which 
proved  an  interesting  feature  after  the  fire.  Owing  to  the  un- 
equal expansion  of  the  cast  iron  and  the  concrete,  the  cast,  iron 
failed  by  bulging  from  the  heat  and  cracking  on  cooling.  In 
the  basement  where  the  fire  Avas  fairly  hot  the  1  in.  thickness  of 
concrete  which  covered  the  reinforcing  bars  proved  insufficient; 
the  heat  expanded  the  bars,  which  pushed  off  the  concrete  layer 
and  left  the  rods  exposed. 

A  building  for  the  Bakins  Warehouse  &  Storage  Company 
was  in  process  of  construction,  being  Iniilt  largely  of  reinforced 
concrete,  and  at  the  time  of  the  earthquake,  two  of  the  six  floors 
were  completed.  The  walls  were  of  brick  laid  in  lime  mortar 
and  the  floors  and  columns  of  reinforced  concrete.  The  walls 
were  badly  cracked  by  the  earthquake  but  the  reinforced  concrete 
was  not  injured.  Considerable  furniture  stored  in  this  building 
was  burned,  but  beyond  a  slight  blistering  of  the  under  surface 
of  the  concrete  floor,  no  damage  resulted.  In  the  Pacific  States 
Telephone  and  Telegraph  Company's  building  the  heat  produced 
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by  the  burning  of  the  insiihitioii  on  wire  and  oilier  supplies  was 
intense  and  protracted.  The  reinforced  concrete  beams  of  the 
roof  were  weakened  by  heat  and  had  to  be  replaced,  but  the  con- 
crete in  general  stood  the  trial  exceedingly  well  considering  the 
very  high  temperature.  The  concrete  floors  and  column  protec- 
tion were  not  damaged  in  the  least. 

In  this  fire,  concrete,  especially  reinforced  concrete,  pr(;ved 
more  satisfactor}^  than  any  other  material,  though  concrete  in 
San  Francisco  was  of  very  poor  quality;  a  tlimsy  material  stitf- 
ened  with  light  metal  had  been  passed  as  reinforced  concrete. 
Cinder  concrete  was  used  extensively  but  was  of  a  very  inferior 
grade;  much  of  it  was  high  in  sulphides  which  had  a  destructiv^e 
effect  on  the  embedded  material,  especially  where  slight  cracks 
permitted  air  and  moisture  to  come  in  contact  with  these  sul- 
phides and  metal.  It  is  further  stated  that  most  of  the  failures 
were  the  result  of  bad  design,  poor  workmanship  and  poor  mate- 
rials. If,  therefore,  reinforced  concrete  of  this  quality  could  give 
such  satisfactory  results  under  the  extreme  conditions  of  the  San 
Francisco  earthquake  and  fire,  it  is  evident  that  much  greater 
satisfaction  could  have  been  given  by  first-class  materials. 

It  is  particularly  noticeable  in  the  study  of  conditions  at  San 
Francisco  that  after  the  earthquake  the  large  number  of  buildings 
which  failed  to  stand  was  due  to  the  early  collapse  of  protected 
steel  frames.  The  failure  of  the  protection  to  withstand  the 
earthquake  shock  exposed  the  steel  work  to  the  fire  and  the  fire 
damage  to  these  fire-resistive  buildings  was  estimated  as  high  as 
60  per  cent. 

Reports  from  fires  in  other  sections  of  the  country  furnish  fur- 
ther interesting  information.  At  the  Dayton  Motor  Car  Works 
and  Huyler's  building  in  New  York  City,  the  fires  were  so  hot 
as  to  destroy  all  inflammable  material  and  yet  the  buildings 
themselves  were  damaged  only  to  a  very  slight  extent;  the 
burned-out  floors  were  occupied  within  two  days  after  each  fire. 
Another  example  is  that  of  a  two-story  building  of  reinforced 
concrete  construction  used  for  drying  purposes;  this  building 
was  considerably  exposed  by  frame  buildings  adjacent  to  it,  and 
at  the  time  the  frame  buildings  burned,  one  part  of  the  concrete 
structure  was  subjected  to  severe  heat  from  a  burning  boiler  house 
and  grease-extracting  building.  The  heat  melted  the  wire  glass 
in  the  windows  and  burned  up  all  combustible  materials  in  the 
finish  of  the  building,  but  the  damage  to  the  concrete  walls  and 
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floors  Avas  vei-y  slight.  Still  another  case  is  that  of  a  reinforced 
concrete  building,  four  stories  in  height,  in  which  the  heat  from 
a  lire  was  so  intense  that  it  fused  a  piece  of  cast  iron  into  a  shape- 
less mass,  but  the  only  damage  resulting  was  that  in  several 
places  throughout  the  building  the  concrete  was  split  off  to  a 
depth  of  1,4  in.  to  1  in. 

In  the  case  of  an  extremely  hot  fire  in  a  pulp  and  paper  mill, 
the  principal  effect  of  the  heat  observed  was  to  expand  the  floor 
and  to  cause  a  movement  of  the  columns.  On  the  morning  after 
the  fire,  while  the  concrete  was  still  hot,  the  end  Avail  of  the  mill 
was  noticeably  out  of  plumb ;  later  on,  as  the  wall  cooled,  it  drew 
back  to  the  perpendicular.  There  Avere  seA'eral  minor  breaks  in 
the  concrete  and  some  parts  of  it  Avere  spalled  off'  to  a  depth  of 
about  2  in.  Where  the  concrete  Avas  rich  in  mortar  there  Avas 
less  damage  than  Avhere  it  Avas  ston}^,  the  mortar  acting  as  a  pro- 
tection to  the  aggregrate.  Where  the  fire  Avas  hottest  the  concrete 
was  softened  for  an  average  of  1  in.  so  that  it  could  easily  be 
knocked  off  with  an  ordinary  hammer. 

It  is  one  of  the  requirements  of  our  Mutual  fire  insurance  com- 
panies that  sprinklers  be  installed  in  all  manufacturing  build- 
ings having  combustible  material  either  in  their  construction  or 
occupancy,  and  in  all  fire-resistive  buildings  having  combusti- 
ble occupancy.  A  great  many  buildings  throughout  the  eastern 
and  middle  states  are  insured  Avhich  are  of  reinforced  concrete 
construction,  but  Avith  the  exception  of  a  few  office  buildings  or 
where  the  building  has  a  noncombustible  occupancy,  they  all  have 
sprinklers.  The  result  is  that  a  fire  starting  in  any  part  of  the 
building  is  quickly  controlled  by  the  sprinklers  with  but  little  if 
any  damage.  This  combination  of  good  construction  and  good 
sprinkler  protection  is  one  Avhich  Avill  keep  fire  losses  at  a 
minimum. 

Some  interesting  information  Avas  furnished  by  a  fire  in  one 
of  these  fire-resistive  buildings,  Avhich  did  not  have  sprinklers, 
by  a  fire  that  destroyed  the  contents.  The  building,  which  Avas 
occupied  for  general  office  purposes  and  had  the  usual  fittings 
and  trimmings  of  a  modern  office,  was  three  stories  in  height 
Avitli  l7-in.  Avails  of  brick  and  had  tile  and  reinforced  concrete 
floors  and  roof,  supported  by  tAvo  rows  of  reinforced  concrete 
posts  and  beams  on  all  floors.  On  account  of  its  superior  con- 
struction and  safe  occupancy,  sprinklers  were  thought  not  abso- 
lutely necessary.    The  intense  heat  generated  by  the  burning  of 
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the  hardwood  overlay  on  the  floors  and  the  hardwood  office  fit- 
tings affected  the  brick  walls,  the  concrete  windowsills,  and  the 
concrete  belt  extending  around  the  building  at  the  third  floor 
level.  It  is  thought  that  most  of  the  spalliug  of  the  concrete 
Avork  was  due  to  cold  Avater  from  hose  streams  on  the  hot  mate- 
rial. The  structural  strength  of  the  concrete  columns  appeared 
to  be  very  much  reduced  bj^  the  fire,  and  to  determine  whether 
it  was  necessary  to  replace  them  and  the  beams  damaged  in  the 
fire,  shores  were  placed  under  a  third-floor  beam  I/2  in.  clear  at 
the  top,  to  take  the  weight,  should  it  settle  when  loaded.  Careful 
measurements  were  taken  of  the  distance  between  the  underside 
of  beam  and  top  of  floor  below.  A  load  of  16  tons  of  iron  was 
placed  on  the  third  floor  over  the  beams  to  be  tested,  and  the  de- 
flection was  7/64  in.  in  the  center  of  beam.  This  occurred  at  once 
when  the  load  was  applied,  and  did  not  increase  while  the  test 
continued,  namely  3  hours.  For  comparison,  the  same  load  was 
then  placed  over  an  uninjured  beam  elsewhere,  and  the  same 
measurements  taken,  showing  a  deflection  of  6/64  in.  or  prac- 
tically the  same  as  foimd  in  the  damaged  beam.  No  settling 
could  be  detected  around  any  of  the  damaged  posts  when  the  load 
was  applied. 

In  repairing  this  building  a  cement  mixture  was  made  and  the 
beams  and  columns  built  out  with  it  wherever  spalling  had  taken 
place.  It  is  doubtful  if  a  person  examining  the  building  today 
could  detect  any  traces  of  this  fire.  It  has  been  equipped  with 
automatic  sprinklers,  and  as  a  further  precaution  against  another 
fire  the  new  office  furniture  is  all  metal  so  far  as  could  be  ob- 
tained. From  the  writer's  own  experience,  however,  he  would 
not  consider  this  last  precaution  necessary,  for  in  a  building  well 
protected  with  sprinklers  the  chance  of  a  fire  getting  outside  the 
area  of  two  or  three  sprinklers  is  remote. 

DISCUSSION 

A.  S.  Kellogg,  referring  to  the  applicability  of  the  results  of 
the  tests  to  heating  and  ventilating  work,  said  that  thin  dense 
concretes  seemed  to  be  about  as  bad  surfaces  for  the  transmis- 
sion of  heat  as  could  be  found,  especially  in  the  first  two  or  three 
years  after  the  construction  of  the  building. 

C.  L.  Norton  replied  that  the  heat  transmission  value  of  mate- 
rial put  on  in  thin  sheets  was  a  matter  which  must  be  proved 
with  the  interior  heating  facility  arrangement  described  in  his 


DISCUSSION  1027 

paper.  lie  did  not  know  exactly  the  proper  treatments  to  apply. 
In  places  the  concrete  had  to  be  used  in  thin  sheets  on  account 
of  cost,  and  in  comparison  with  other  thin  materials,  as  glass, 
liair-felt,  etc.,  the  heat  transmission  was  enormous.  In  reply  to 
(luestions  as  to  what  was  the  heat  transmission  through  a  wall 
4  in.  to  6  in.  thick  as  compared  with  glass,  he  said  that  he  thought 
the  loss  through  a  concrete  slab  could  not  be  equal  to  the  loss 
through  a  glass  window,  which  would  not  dispose  of  heat  on  its 
far  side  and  woidd  not  receive  heat  on  its  near  side.  The  glass 
might  still  be  much  thinner  and  prevent  flow  of  heat  through  it. 
In  testing  two  refrigerators,  one  of  a  dull  wood  and  the  other 
of  a  less  effective  insulating  material  coated  with  enamel  of  a 
bright  shiny  nature,  through  the  latter  the  heat  entered  less 
quickly  than  through  the  former,  which  was  noticeable  in  the 
melting  of  the  ice. 

In  answer  to  a  question  regarding  his  experience  with  concrete 
composed  partly  of  granite.  Professor  Norton  said  he  had  a  num- 
ber of  specimens  of  concrete  made  from  typical  eastern  Massa- 
chusetts granite  obtained  somewhere  near  Lowell.  It  stood  the 
fire  very  well,  probably  because  there. were  no  larger  pieces  in  it 
than  would  go  through  a  li/o-in.  ring.  It  spalled  on  the  outside 
for  a  depth  of  about  1/4  in.,  but  he  considered  it  as  good  as  a  piece 
of  cinder  concrete,  and  would  not  hesitate  to  use  it  in  preference 
to  most  of  the  rough  stone,  which  when  heated  to  a  high  degree 
split  and  cracked. 

A.  L.  WiLLisTON  stated  that  Professor  Norton's  experiments 
were  conducted  mostly  at  high  temperatures  w^hile  the  question 
that  came  up  in  heating  and  ventilating  work  was  on  tempera- 
tures below  212  deg.  fahr.  At  the  higher  temperatures  it  was 
found  that  the  conductivity  increased  as  the  temperature  in- 
creased, also  as  compared  Avith  age,  moisture,  etc.  He  wanted 
to  Icnow  if  the  presence  of  water  would  not  make  it  a  poorer  con- 
ductor or  poorer  insulator.  Professor  Norton  replied  that  he 
could  not  answer  that  question.  A  j^ear  ago  he  would  have  stated 
that  he  knew,  but  six  months  ago  an  anxious  inventor  of  a  por- 
ous material  came  to  the  laboratory  and  insisted  that  his  mate- 
rial w^as  just  as  good  wet  as  dry.  This  statement  was  not  alto- 
gether true,  but  it  was  found  after  numerous  tests  that  it  could 
not  be  predicted  what  the  effect  would  be  on  porous  material.  In 
regard  to  what  difference  the  age  made,  moisture  hung  below  212 
deg.  fahr.  with  the  gree.n  si)ecimen.    A  specimen  heated  for  days 
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and  days  at  lO.")  d<jg.  rent.  ('221  dei;-.  lalir.)  was  found  still  to  lose 
weight  and  it  took  something  like  ten  days  or  two  weeks  to  get 
all  the  nioi.stui-e  out. 

In  rei)ly  to  a  (juestion  as  to  exi)erienee  with  concrete  as  more 
hygroscopic  than  other  forms  of  materials,  he  stated  that  it  was 
certaiid}^  not  noticealdy  different  from  terra  cotta  brick. 

]Mi{.  WiLLiSTON  iiKjuired  if  concrete  would  reabsorb  moisture 
after  it  was  allowed  to  stand  in  the  oi'dinary  room,  if  in  season- 
ing it  or  heating  it  all  the  moisture  had  been  driven  out,  which 
had  consumed  considerable  time;  also  if  it  would  reabsorb  more 
than  brickworlv.  Professor  Nort(m  answered  that  he  did  not 
know  Avhat  brickwork  would  do,  but  concrete  would  reabsorb 
sloAvly  for  a  long  time,  back  to  its  constant;  he  had  taken  speci- 
mens and  dried  them  out  thoroughly  and  they  began  to  pick  up 
moisture  within  i/{.  hour  and  then  reabsorl)  slowly  for  20  or  30 
days. 


SOME  OF  THE  PROBLEMS  ENCOUNTERED   IN 

THE  DESIGN,  CONSTRUCTION  AND 

EQUIPMENT  OF  THE  MODERN 

COTTON   MILL 

By  Frank  W.  Reynolds,   Boston,   Mass. 
Member  of  the  Society 

Among  the  problems  entering  into  the  design  of  the  cotton 
mill,  the  most  important  are  the  selection  of  the  proper  site,  the 
proper  arrangement  of  the  buildings  to  suit  the  site,  the  proper 
arrangement  of  the  buildings  for  the  best  placing  of  the  machin- 
ery and  routing  of  material,  the  proper  design  of  the  buildings 
for  strength,  rigidity  and  natural  lighting,  the  proper  arrange- 
ment of  power  plant  and  the  arrangements  of  power  distribution, 
artificial  lighting,  heating  and  air  conditioning  in  the  work 
rooms  and  fire  protection.  Also  the  toilet  rooms  and  other  sani- 
tary features  must  be  considered.  In  commencing  the  study  of 
a  new  mill  plant  the  usual  order  of  procedure  is  to  organize  the 
machinery  equipment  for  the  goods  to  be  manufactured.  For  a 
given  product  either  of  yarn  or  cloth,  the  machinery  equipment 
is  calculated  and  tabulated  on  standard  forms,  which  determine 
the  numbers  of  machines  in  each  process  with  the  speeds  and 
production  of  each  machine.  With  this  information  as  a  basis 
the  next  step  is  to  arrange  the  given  number  of  machines  in 
proper  relation  to  each  other  so  that  the  routing  of  stock  in  proc- 
ess of  manufacture  is  accomplished  without  interference  or  un- 
necessary travel  and  so  that  future  extension  of  the  plant  may 
be  made  in  an  acceptable  manner. 

Naturally,  the  next  considerations  are  the  proper  width  and 
height  for  the  buildings,  the  spacing  of  columns  to  be  adopted, 
the  height  of  story,  whetlier  the  spinning  department  and  weav- 
ing department  shall  be  in  one  and  the  same  building  or  in  sep- 
arate buildings,  whether  or  not  mechanical  or  electrical  transmis- 
sion shall  be  used,  and  many  other  items  which  affect  the  arrange- 
ment of  the  projected  mill. 
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This  study  of  the  arrangement  of  machinery  and  buildings  is 
one  of  the  most  necessary  and  interesting  parts  of  the  labor  of 
designing  a  plant  and  upon  a  proper  solution  depends  in  great 
measure  the  success  or  failure  of  the  plant  from  an  economical 
operating  standpoint.  Much  unnecessar}^  labor  in  the  mill  is 
often  expended  because  of  the  poor  arrangements  of  buildings 
forming  parts  or  the  whole  of  a  group  and  the  equally  poor  ar- 
rangement of  the  machinery  within  the  buildings.  It  must  be 
realized  that  the  least  number  of  motions  made  and  the  shortest 
distances  traveled  in  manufacturing  operations  are  conditions  to 
be  sought  and  not  deliberately  neglected. 

At  this  stage  also  the  question  of  the  site  becomes  predominant. 
It  is  something  ahvays  to  be  reckoned  with  and  sometimes  con- 
tended. Shall  the  buildings  be  arranged  to  suit  a  given  site  and 
perhaps  be  poorly  arranged,  or  shall  the  site  be  purchased  to  suit 
the  best  arrangement  of  buildings?  Oftentimes  the  buildings 
must  be  arranged  to  suit  the  site  and  there  is  no  alternative. 
This  is  particularly  true  of  sites  for  new  mills  in  cities  or  for 
extensions  of  existing  mills  either  in  cities  or  in  the  country. 

It  is  assumed  that  the  mill  will  be  built  in  the  country  on  a 
site  where  extensions  may  be  made  as  they  are  required,  where 
water  exists,  where  spur  tracks  may  enter  the  property  and  where 
there  is  so  much  land  available  at  a  reasonable  price  that  the 
manufacturing  buildings  may  be  arranged  as  desired  and  the  vil- 
lage planned  to  meet  the  requirements  of  healthful  living.  Also 
an  expected  product  of  4000  lb.  in  10  hours  is  assumed  which  de- 
termines the  equipment  at  65,000  spindles,  with  preparatory  ma- 
chinery and  1200  looms.  There  must  be  a  storehouse  for  cotton, 
a  picker  house,  a  carding  and  spinning  mill,  a  weave  shed,  a  sep- 
arate cloth  hall,  a  storehouse  for  cloth,  a  separate  repair  shop,  a 
waste  house  and  a  power  plant  arranged  for  the  mechanical 
transmission  of  power  to  both  mill  and  weave  shed. 

The  width  of  the  mill  is  determined  by  the  arrangement  and 
length  of  the  mules  Avhich  are  placed  across  the  mill  to  ol>tain 
the  best  light.  This  gives  a  width  of  105  ft.  for  this  building. 
The  length  of  the  Jiiill  is  determined  by  the  arrangement  of  card- 
ing and  roving  machinery  giving  a  length  of  about  480  ft. 

The  number  of  stories  is  determined  by  the  types  of  machinery 
used.  It  is  necessary  to  have  mule  spinning  for  the  filling  yarn 
and  ring  spinning  for  the  warp  yarn.  It  is  essential  that  these 
rooms  should  be  separated  if  the  mill  can  be  so  arranged.    By 
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placing  the  carding  department  on  the  second  floor,  the  mule 
sj^inning  on  the  third  floor  and  the  ring  spinning  on  the  first 
floor,  practically  all  of  the  space  Avill  be  used  to  good  advantage, 
and  the  machinery  will  be  arranged  to  avoid  cross-travel  and 
unnecessary  handling.  The  mill  then  should  be  three  stories  in 
height. 

The  width  of  weave  shed  is  determined  in  this  arrangement 
rather  arbitrarily  by  limiting  it  to  155  ft.,  but  arranging  for 
overhead  light.  The  length  will  be  about  550  ft.  While  weaving 
mills  are  built  150  ft.  wide  without  overhead  light  the  results  are 
never  satisfactory  from  any  standpoint,  except  possibly  that  of 
first  cost  when  compared  with  the  results  obtained  from  a  good 
weaving  shed  with  overhead  light.  It  has  been  proved  in  one 
plant  at  least  that  the  cost  of  weaving  has  been  decreased  50  per 
cent  and  the  cost  of  artificial  lighting  66  2/3  per  cent  in  a  new 
shed  when  compared  with  the  costs  of  the  work  in  a  mill  70 
ft.  wide  having  light  only  from  the  side  walls.  Perhaps  this  is 
an  extreme  case,  but  it  brings  out  the  point  that  a  weave  shed  is 
better  than  a  weaving  mill. 

For  mill  buildings  there  are  several  forms  of  construction:  (a) 
slow-burning  mill  construction  with  wood  beams;  (h)  a  varia- 
tion of  the  first  form  using  steel  beams;  (c)  reinforced  concrete 
construction.  The  first  two  forms  have  been  and  are  used  for 
nearly  all  mills.  In  the  writer's  opinion  they  have  served  their 
purpose  and  may  be  superseded  by  the  third,  which  is  a  better 
form  for  practically  every  kind  of  mill  or  storehouse  construction 
at  nearly  the  same  cost.  It  has  many  and  decided  advantages 
over  other  forms  of  construction  which  have  been  brought  for- 
ward many  times.  Mills  so  built  are  rigid,  they  have  the  maxi- 
mum amount  of  light  areas  in  side  walls,  the  cement  floors  may 
be  smoothly  finished  and  all  wood  floors  eliminated,  the  interior 
walls,  posts  and  ceilings  may  be  painted  immediately  after  com- 
pletion, giving  the  best  interior  lighting  effect;  the  stairways  will 
be  fireproof;  all  motors,  shafting,  piping  and  wiring  may  be  as 
easily  and  more  securely  supported  than  from  wooden  surfaces 
and  all  machinery  secured  to  floors  without  trouble;  above  all 
there  will  not  be  deflection  in  the  floors  between  beams  making 
the  realignment  of  machinery  so  common  in  wooden  mills  a 
neglected  feature.  Furthermore,  to  answer  an  oft-repeated  ques- 
tion, it  should  be  said  that  belt  holes  in  floors  can  be  as  readily 
arranged  as  in  wooden  floors.     Therefore,  in  constructing  the 
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modern  mill  reinforced  concrete  construction  is  to  be  adopted, 
wliicli  certainly  is  the  most  modern  of  all  forms  applicable  to 
such  structures. 

For  the  mill  building  105  ft.  Avide,  a  jn-oper  height  of  story 
would  be  15  ft.  from  the  top  of  one  floor  to  the  top  of  the  next 
floor.  The  transverse  baj^s  would  be  25  ft.  on  centers  and  the 
longitudinal  bays  Avould  be  10  ft.  8  in.  or  11  ft.  on  centers.  In 
a  building  three  stories  high,  with  the  usual  form  of  mill  con- 
struction, the  floor  ])eams  would  be  14  in.  by  16  in.  and  columns 
not  oxer  12  in.  in  diameter  in  the  lowest  story.  In  the  reinforced 
concrete  construction  the  same  spacing  of  beams  and  columns 
will  be  adhered  to;  this  has  been  demonstrated  to  be  a  more  eco- 
nomical spacing  than  to  omit  every  other  column  and  run  gird- 
ers lengthwise  of  the  building  over  each  row  of  columns.  In  the 
three-story  building  of  concrete  construction  the  first-story  col- 
umns would  be  16  in.  sq.  The  beams  would  be  12  in.  wide  and 
19  in.  deep  from  the  bottom  of  the  floor  slab.  The  floor  slab 
would  be  6  in.  in  thickness  and  the  top  would  be  finished  with  a 
granolithic  surface  eliminating  all  wooden  floors.  The  wall  col- 
umns would  be  12  in.  by  16  in.  and  all  of  the  space  between  these 
columns  would  be  devoted  to  windows.  The  resulting  construc- 
tion will  be  absolutely  rigid  and  secure  with  the  maximum 
amount  of  area  f(u-  light  in  the  side  walls  and  would  be  as  nearly 
incombustible  as  a  building  can  be. 

Compare  this  construction  with  the  ordinary  mill  construction 
and  note  the  differences  in  rigidity  of  construction.  In  the  or- 
dinary mill  are  a  series  of  brick  piers  for  the  outer  walls  con- 
nected above  and  below  the  window  openings  by  spandrel  walls. 
In  each  brick  pier  at  the  floor  line,  if  the  floor  beams  are  of  wood, 
is  an  opening  15  in.  l)y  18  in.  by  12  in.  for  the  reception  of  the 
end  of  the  floor  beam.  This  means  that  at  each  floor  line  each 
outer  l)ri('k  pi{>r  has  nearly  one-half  of  its  area  cut  away  for  the 
reception  of  the  beam.  In  the  concrete  building  nothing  is  cut 
away  and  the  junction  of  the  floor  beam  and  column  is  abso- 
lutely i-igid  so  that  the  entire  frame  when  erected  is  as  secure 
and  stable  as  a  riveted  steel  structure.  Take  the  case  of  the  inte- 
rior columns;  in  the  building  of  mill  construction  the  first-story 
column  will  rest  upon  a  cast-iron  base  plate  and  upon  the  top 
of  this  column  will  be  placed  a  cast-iron  capital  and  on  the  cast- 
iron  capital  a  cast-iron  pintle  about  22  in.  in  height  varying 
from  4  in.  to  6  in.  in  diameter.     There  is  no  rigid  connection 
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liotweeii  the  capital  and  the  bottom  of  the  pintle  or  between  the 
top  of  the  pintle  and  the  next  column,  and  this  series  of  joints 
will  continue  up  through  the  entire  height  of  the  building.  At 
each  floor  line  the  cast-iron  capital  will  support  wooden  floor 
beams,  and  these  floor  beams  where  joined  at  columns,  are  se- 
cured to  each  other  by  dog  irons  or  joint  bolts,  but  these  do  not 
add  materially  to  the  rigidity  of  the  structure.  Compare  this 
interior  construction  with  reinforced  concrete  construction  where 
the  floor  beams  and  the  posts  are  so  rigidly  connected  that  there 
is  no  chance  of  moving  them  in  any  way.  In  other  words,  the 
reinforced  concrete  structure  becomes  practically  a  unit  from 
bottom  to  top. 

An  example  of  a  reinforced  concrete  mill  which  will  bring  out 
some  of  the  points  mentioned,  is  the  Maverick  Mill  in  East  Bos- 
ton which  was  completed  about  two  years  ago.  The  main  mill 
is  550  ft.  long,  129  ft.  wide,  2  stories  and  a  basement  in  height 
and  planned  for  two  additional  stories.  The  weave  shed  is  about 
341  ft.  by  231  ft.  and  is  at  present  large  enough  to  take  the  looms 
which  will  be  necessary  for  the  machinery  installed  in  the  pres- 
ent two  stories.  In  the  future  when  the  two  additional  stories 
are  placed  on  the  mill  the  shed  will  be  doubled  in  size  and  the 
ultimate  plan  is  to  make  the  ])roperty  consist  of  two  spinning 
mills,  four  stories  high  and  one  large  Aveave  shed  fiSl  ft.  by  461  ft. 

MODERN   METHODS   OF   LIGHTING   IN 
COTTON  MILLS 

By  Albert  L.  Pearson,   Boston,   Mass. 
Member  of  the  Society 

This  paper  is  intended  to  call  attention  to  some  of  the  forms 
of  illuminants  and  the  underlying  principles  to  be  followed  in 
making  a  layout  for  a  cotton  mill.  As  electric  light  has  become 
the  standard,  it  is  the  only  one  which  will  be  considered.  There 
are  two  principal  forms  of  electric  lamps,  arc  and  incandescent, 
and  there  are  several  types  of  each. 

There  are  a  great  many  systems  of  arc  lighting  in  use  in  mills 
today  and  some  of  them  are  quite  satisfactory.  The  open  carbon 
arc  used  with  high-voltage  constant  direct-current  generators  has 
been  displaced  in  general  by  the  enclosed  carbon  arc  operated  in 
multiple  on  low-voltage  direct  or  alternating  current  circuits. 
The  intensified  carbon  arc  is  doubtless  the  best  of  this  class  and 
due  to  its  design  the  principal  objections  to  the  other  types  of 
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arcs  are  practically  overcome,  that  is  the  traveling  of  the  arc 
around  the  crater  causing  varying  shadows  and  the  change  in 
position  of  the  arc  relative  to  reflectors,  thus  interfering  with 
the  working  of  any  well  planned  scheme  of  illumination.  Flame 
arcs  are  not  generally  used  indoors  except  in  foundries,  machine 
shops  with  very  high  roofs,  or  similar  places.  As  the  light  is 
very  penetrating,  they  possess  adA^antages  in  smok}^  or  cloudy 
atmospheres. 

The  mercury  arc  is  finding  a  place  in  machine  shops  and 
textile  plants,  and  is  meeting  with  great  favor  in  the  silk  in- 
dustry. The  principal  objection  to  this  lamp  is  the  color  of  the 
light,  a  cold  green;  but  it  possesses  two  distinct  advantages, 
great  diffusion  of  the  light  due  in  a  large  measure  to  the  fact 
that  it  emanates  from  a  line  rather  than  a  point  and  the  line 
distinction  or  clearness  with  which  threads  or  lines  may  be  dis- 
tinguished. I  believe  it  has  been  proved  that  this  light  does  not 
produce  injurious  effects  upon  the  eye,  as  noted  from  tests  made 
by  Dr.  C.  H.  Williams  and  Dr.  Louis  Bell  upon  a  number  of 
persons  who  have  worked  in  the  light  of  this  lamp.  A  fluorescent 
reflector  is  being  developed  which  is  intended  to  supply  the  miss- 
ing red  rays  to  a  certain  extent  and  thus  make  the  light  more 
natural.  A  new  form  of  this  lamp  is  also  being  developed, 
namely,  the  quartz  tube,  which  will  compete  with  flame  arcs  for 
foundries  and  similar  places. 

Of  the  incandescent  class,  the  tungsten  lamp  is  the  most  effi- 
cient, 1.25  watts  per  candle  power  as  against  3.6  watts  for  the 
carbon  lamp.  The  tantalum  lamp  falls  about  midway  between 
these  two  for  efficiency,  namely,  2.0  watts  per  candle  power.  In 
its  present  high  state  of  development;  the  tungsten  lamp  is  prac- 
tically free  from  the  early  defects.  This  lamp  works  equally 
well  on  alternating  or  direct  current  while  the  tantalum  lamp 
gives  best  service  on  direct  current ;  alternating  current  produces 
the  effect  of  repeated  blows  and  the  filament  breaks  in  a  short 
time,  higher  frequencies  having  worse  effect  than  low.  This 
lamp,  therefore,  should  not  be  used  on  alternating  systems. 

In  addition  to  its  efficiency  the  quality  of  light  from  the 
tungsten  lamp  is  superior  to  that  of  other  illuminants  of  this 
class,  most  nearly  approaching  the  ideal.  This  lamp  is  the  great- 
est competitor  of  the  mercury  arc,  or  Cooper-Hewitt  lamp,  and 
is  being  adopted  as  the  standard  of  best  practice  for  incandescent 
systems. 

It  is  only  during  the  past  few  years  that  attention  and  careful 
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sliuly  have  been  given  to  the  proper  arrangement  of  lighting 
systems  in  mills.  There  are  a  number  of  fundamental  principles 
which  should  always  be  followed  out  in  making  a  layout: 

a    As  the  operative  is  the  one  for  Avhom  the  light  is  pro- 
vided, he  should  be  given  every  consideration. 
h     Lamps  hung  low  down  which  can  be  adjusted  liy  the 
operative  should  be  avoided  wherever  possible.     Not 
only  is  he  liable  to  experiment  with  the  lamp  and 
Avaste  time  but  nuiy  thus  interfere  with  the  work  of 
other  operatives. 
c     Lamps  should  be  arranged  to  give  uniform  illumina- 
tion at  the  working  plane,  avoiding  shadows  as  far  as 
possible  and  particular  attention  should  be  given  to 
the  requireu;ents  of  each  machine. 
d    White  walls  and  ceilings  are  advantageous  and  add 
to  the  eliectiveness  of  the  lighting  system.     With  in- 
dividual driving  of  machines  it  is  possible,  owing  to 
omission  of  overhead  belts  and  shafting,  to  keep  the 
rooms  cleaner  than  with  mechanical  or  group  driving, 
thus  benefiting  the  lighting  system. 
e     On    account   of   glare,   low    exposed   units   should   be 
avoided.     In  places  where  it  is  necessary  to  have  the 
lauips  low  down,  reflectors  which  will  entirely  conceal 
the  filament  should  be  used.    In  such  cases  it  is  usually 
necessary  to  provide  lamps  close  to  the  ceiling  for 
lighting  shafting,  etc. 
/     The  position  of  lamps  should  be  carefully  determined, 
both  as  to  spacing  and  mounting  height.     In  general 
the  height  of  the  lamp  above  the  floor  should  be  such 
that  with  the  spacing  available  the  lines  representing 
the   angles   of  maximum   illumination  wnth   a   given 
type  of  reflector  will  cross  at  the  working  place. 
Each  problem  must  be  considered  by  itself.     A  system  of  il- 
luuiination  which  Avorks  out  Avell  in  one  case  may  be  anything 
but  wdiat  is  best  suited  for  another.    There  are  a  number  of  points 
in  favor  of  good  lighting,  viz :  safety,  better  sanitary  conditions, 
and  better  quality  of  Avork  and  increase  in  production. 

The  best  lighting  is  provided  for  the  most  particular  process 
— weaving.  The  amount  of  light  and  arrangement  of  lamps  de- 
pend upon  the  nature  of  the  Avork  and  character  of  the  machines. 
In  places  where  very  good  light  is  not  required  or  where  it  is 
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usetl  for  coiiiparalively  short  periods  of  time,  obviously  it  does 
not  pay  to  invest  so  imicli  for  this  part  of  the  equipment  as  in 
phices  where  it  is  required  for  kmg  periods  or  is  depended  upon 
for  quality  of  work.  But  lighting  sj^stems  cannot  be  worked  out 
as  formerly — so  many  watts  or  candle  powder  per  square  foot^ — 
but  a  study  must  be  made  of  conditions  so  as  to  produce  a  layout 
which  will  prove  economical  and  bring  forth  results. 

The  distributing  systems  should  be  carefully  worked  out  in 
order  to  secure  good  voltage  regulation.  Circuits  and  switching 
should  be  arranged  with  respect  to  different  processes  in  such  a 
way  as  to  eliminate  the  use  of  power  for  lighting  in  sections  not 
in  use.  On  low  frequency  alternating-current  systems  small  in- 
candescent lamps  should  be  avoided  as  much  as  possible  on  ac- 
count of  flicker,  which  is  more  troublesome  with  the  higher  effi- 
ciency lamps. 

AIR  CONDITIONING  FOR  TEXTILE  MILLS 

By  Frederick  W.   Parks,i  Fitchburg,   Mass. 
Non-Member 

Artificial  humidification  is  no  longer  a  theory.  For  years  it 
has  been  on  trial  in  cotton  manufacturing,  and  rapid  progress 
has  been  made.  Knowledge  of  the  subject  is  becoming  more  gen- 
eral, and  the  needs  for  textile  conditions  are  better  understood 
by  mill  men  and  the  practice  is  growing  more  standardized.  Hu- 
midifiers are  no  longer  considered  as  a  luxury  or  a  Avhim.  Few 
new  textile  mills  are  now  built  without  at  least  considering  the 
need  of  humidifiers,  and  few  cotton  mills  are  now  built  without 
installing  humidifiers  at  the  start. 

There  are  so  many  types  of  apparatus  on  the  market  that  the 
engineer  or  mill  owner  should  have  no  trouble  in  selecting  one 
l)est  suited  to  the  needs  of  the  case.  Some  are  designed  especially 
for  new  mills,  others  either  for  old  or  new  plants,  some  for  small 
isolated  units,  and  so  on. 

Last  fall  in  preparing  a  paper  on  the  subject  of  Humidifiers 
and  Their  Results  for  the  National  Association  of  Cotton  Manu- 
facturers, the  writer  sent  circular  letters  to  textile  plants 
throughout  the  country,  and  81  mills  replied.  As  evidence  of 
the  value  of  humidification,  an  analysis  of  the  reports  from  these 
mills  is  highl}^  interesting.    They  were  as  follows:  the  influence 
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of  humidifiers  on  production,  floor  sweeps,  invisible  waste,  sec- 
ond quality  goods,  static  electricity,  broken  ends  in  spinning, 
loom  shut-downs,  strength  of  product,  mill  temperature,  health 
of  operatives  and  estinuited  return  on  investment. 

It  is  an  interesting  fact  that  not  one  unfavorable  reply  nor  dis- 
cordant vote  of  any  sort  Avas  received.  The  experience  of  one 
mill  (a  Northern  cotton  yarn  mill  built  about  three  years  ago 
and  humidified  when  built)  is  interesting  enough  to  quote  here: 
"  Our  invisible  waste  for  1911  was  1%  per  cent,  which  is  very 
low.  Our  production  was  93  per  cent.  Our  regain  from  cotton 
to  yarn  averaged  6  per  cent  on  2,000,000  lb.  of  cotton  per  year. 
Our  humidifiers  cost  $10,000." 

There  may  be  an  honest  diflf'erence  of  opinion  as  to  how  this 
regain  should  be  figured.  Six  per  cent  of  2,000,000  lb.  of  fin- 
ished yarn  at  24  cents  per  lb.  is  $28,800  or  6  per  cent  of  2,000,000 
lb.  of  raw  cotton  at  10  cents  per  lb.  is  $12,000.  Either  way  you 
figure  it,  the  humidifiers  were  a  good  investment.  There  are 
hundreds  of  such  cases. 

These  reports  were  not  obtained  for  the  purpose  of  exploiting 
any  particular  make  of  humidifiers,  for  these  81  mills  had  11 
different  types  of  humidifiers  in  use.  They  represented  silk, 
rami,  worsted  and  cotton  mills,  although  cotton  mills  predomi- 
nated. In  numbers  they  were  equally  divided  between  the  North 
and  the  South,  so  the  reports  may  be  considered  as  fairly  repre- 
sentative of  the  textile  industry. 

In  building  a  new  mill,  admitting  humidification  to  be  neces- 
sary, the  next  step  is  the  selection  of  the  proper  type  of  ap- 
paratus. Some  sort  of  system  can  be  purchased  at  almost  an}^ 
price,  but  sufficient  capacity  should  be  made  sure  of.  Higher 
humidities  are  being  demanded  right  along.  The  man  that 
asked  for  65  per  cent  in  cotton  weaving  five  years  ago  is  now 
demanding  75  per  cent  and  wishing  he  could  get  80  per  cent. 

Theoreticfdhj  humidification  is  only  one  of  three  treatments 
that  the  mill  air  needs.  The  other  two  treatments  are  ventilating 
and  heating,  and  these  three  functions  combined  may  properly 
be  called  air  conditioning.  Some  light  may  be  thrown  on  this 
subject  if  the  demand  and  peak  load  of  each  of  these  functions  is 
considered  so  as  to  determine  their  relationship  to  each  other. 
a    Heating 

Demand — during  cool  months  of  spring  and  fall 
and  cold  months  of  winter. 
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Peak — usually  between  3  and  8  a.m.,  and  often  a 
slightly  lower  peak  after  sunset  on  cold  days. 
h     Ventilation 

Demand — only  for  rooms  thickly  populated,  and 
usually  coincident  with  heating  season. 

Peak — no  peak  in  average  plant.    Ventilation  if  re- 
quired at  all  is  in  use  only  during  working  hours  and 
load  is  very  constant  or  none  at  all. 
c     Humidification 

Demand— tliQ  season  is  longer  than  for  heating  or 
ventilating,  greatly  affected  by  goods  made  and  natu- 
ral surroundings. 

Peak — (^ome  in  cold  and  dry  windy  days  of  spring, 
fall  and  winter,  also  early  mornings  during  heating 
season  and  especially  JNIonday  mornings  when  mill 
has  dried  out  over  Sunday. 
From  this  brief  analysis  it  will  be  seen  that  there  is  no  close 
relationship  between  these  three  variables,  for  each  must  be 
capable  of  adjustment  or  operation  at  any  load  at  times  entirely 
independent  of  the  other  two,  or  in  any  possible  combination 
wdth  the  other  two.  Take  for  instance,  a  zero  morning  in  winter. 
The  heating  system  may  be  run  at  peak  from  midnight  till  start- 
ing time;  at  5  o'clock  the  metal  will  be  warm  and  there  will  be 
no  danger  of  precipitation  and  rusting,  and  thus  the  humidifiers 
may  be  started  so  as  to  have  a  proper  amount  of  humidity  when 
the  power  starts.  With  the  starting  of  the  power  and  the  com- 
ing to  work  of  the  employees  the  ventilation  is  started  at  peak 
and  maintained  so  all  day.  This  air  change  may  call  for  more 
humidity.  By  8  o'clock  the  heat  of  the  machinery  and  the  im- 
proved circulation  of  air  due  to  revolving  shafting  and  belting 
have  increased  the  temperature  so  that  part  of  the  heat  can  be 
shut  off.  By  9  o'clock  more  heat  may  be  shut  off  if  the  sun  is 
bright  and  there  is  no  wind,  yet  the  humidifiers  and  ventilation 
may  not  have  been  disturbed. 

This  condition  may  be  maintained  until  noon,  when  the  ven- 
tilation is  shut  off  during  the  noon  hour  because  the  occupants 
have  left.  The  humidifiers  may  or  may  not  be  shut  off,  depend- 
ing on  atmospheric  conditions.  At  sunset  more  heat  is  needed, 
but  the  demand  is  not  so  great  as  in  the  early  morning  because 
the  mill  is  full  of  warm  machinery.  At  closing  time  the  ventila- 
tion, humidity,  and  heat  are  stopped,  and  the  process  is  repeated 
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the  following  day.  Any  working  day  in  the  year  will  call  for  a 
similar  variation  of  these  three  widely  varying  functions. 

It  is  obvious  that  the  amount  of  ventilation  is  determined  b}^ 
the  amount  of  odor  or  dust  and  the  number  of  occupants.  A 
weave  shed  with  common  looms,  running  four  looms  to  the 
weaver  would  demand  more  ventilation  than  the  same  shed  with 
Draper  looms,  running  16  looms  to  the  Aveaver.  It  is  also  ob- 
vious that  a  thinly  populated  room  in  which  an  air  change  of 
once  in  five  or  six  hours  would  comply  with  the  Massachusetts 
school-house  standard  does  not  need  to  have  its  air  changed  every 
20  minutes. 

It  is  a  fact  that  most  textile  mill  heating  and  especially  cotton 
mill  heating  comes  outside  of  mill  hours.  It  is  somewhat  star- 
tling, too,  to  learn  that  a  mill  located  in  Pennsylvania  as  an  aver- 
age of  northern  and  southern  locations,  will  need  to  run  its  heat- 
ing system  at  full  capacity  less  than  5  per  cent  of  the  total  yearly 
heating  hours.  For  New  England  the  percentage  is  perhaps  from 
7  to  10  per  cent.  The  rest  of  the  heating  hours  the  heating  sys- 
tem is  underloaded.  It  is  necessary  then  to  select  a  heating  sys- 
tem which  is  capable  of  economical  operation  at  less  than  fidl 
load,  a  point  which  is  often  overlooked.  Many  heating  systems 
will  operate  at  maximum  efficiency  only  at  peak  load,  with  the 
resultant  evils  at  light  load  of  overheating  and  waste  of  fuel. 
And  in  cotton  manufacturing  especially,  overheating  may  prove 
very  expensive  from  the  standpoint  of  product. 

DISCUSSION 

In  the  discussion  which  followed  the  presentation  of  these 
three  papers,  the  question  of  suitable  floors  under  the  new  condi- 
tions of  concrete  mill  construction  was  touched  upon  extensively. 
Mr.  Eeynolds,  in  reply  to  a  question  regarding  dusting  of  con- 
crete roofs  and  floors,  stated  that  he  had  eifectually  prevented 
dusting  by  the  use  of  just  enough  oil  in  the  floors  to  keep  the  sur- 
face fairly  well  polished.  In  the  spinning  alleys  the  floors  kept 
just  like  glass.  Of  course,  the  trucks  knocked  out  or  chipped  out 
pieces  occasionally  and  these  became  holes,  but  they  filled  up  rap- 
idly. Some  floors  have  been  treated  successfully  with  boiled  lin- 
seed oil.  As  to  the  matter  of  trucking,  Mr.  Eeynolds  expressed 
his  opinion  that  if  the  proper  amount  of  cement  were  put  in  the 
concrete  and  if  it  were  properly  troweled  down,  no  trouble  would 
be  experienced  if  trucks  having  wide  wheels  were  used.    As  to 
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experience  with  factory  operatives,  he  referred  to  a  case  where, 
in  the  original  section  of  an  automobile  factory,  wooden  floors 
w^ere  used,  but  in  later  extensions,  concrete  floors  were  tried  and 
proved  so  successful  that  the  wooden  floors  were  finally  elimi- 
nated from  the  entire  plant. 

F.  W.  Dean  referred  to  a  case  where  steam  pipes  had  been 
embedded  in  the  concrete  floors  to  enable  them  to  be  heated  for 
preventing  complaints  from  the  operatives  against  coldness  of 
the  floors.  For  hard  usage,  however,  he  favored  wood  blocks  for 
floors  of  factories  and  machine  shops  and  referred  to  a  mill  he 
had  designed  in  which  wood  block  pavements  had  been  used  for 
floors  with  very  satisfactory  results  under  hard  trucking  service. 

S.  E.  Thompson  did  not  share  the  belief  that  concrete  floors 
could  be  built  successfulh^  to  withstand  trucking.  He  referred 
to  a  test  which  he  had  made  in  order  to  determine  what  precau- 
tions were  necessary  to  provide  good  wearing  qualities  in  a  con- 
crete floor  and  pointed  out  the  fact  that  an  exceptionally  good 
surface  for  the  floor  would  not  be  glossy  but  would  wear  and 
dust;  furthermore,  in  wearing  down  it  would  become  a  dead 
white  color.  One  of  the  chief  points  in  making  a  proper  surface 
was  found  to  be  in  the  use  of  a  sand  of  fine  aggregate  but  which 
was  not  dust;  this  seemed  to  be  a  simple  matter,  but  he  stated 
that  most  of  these  flooi's  were  made  of  ordinary  bank  sand. 

Henry  Bartlett  told  of  some  experience  with  concrete  floors 
in  railroad  shops  in  which  difficulties  were  experienced,  not  be- 
cause the  floors  were  cold,  but  because  they  were  hard.  He  had 
found  that  concrete  floors  would  not  stand  heavy  trucking  and 
the  rolling  around  of  locomotive  driving  wheels.  Floors  con- 
structed of  spruce  planks  wdth  maple  flooring  on  top  had  been 
tried  but  would  not  stand  up  under  these  conditions,  and  subse- 
quently heavy  creosote  wood  blocks  were  tried  with  better  results. 

A.  L.  WiLLisTON  referred  to  his  exjierience  with  concrete  floors 
in  school  laboratories  and  school  shops,  in  which  a  great  deal  of 
difficulty  Avas  experienced  yvith  dust  and  grit  from  the  floor  sur- 
face and  expressed  the  opinion  that  the  life  of  machinery  in- 
stalled on  concrete  floors  was  thereby  reduced.  He  touched  upon 
the  condition  which  caused  this  disintegration  of  the  floor  and 
stated  that  a  microscopical  examination  of  a  concrete  floor  sur- 
face w^ould  not  show  a  solid  mass,  but  rather  particles  of  the 
aggregate  with  very  appreciable  open  areas  between  them;  the 
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surliu-es  ol'  the  sharp  sand  particles  did  not  come  together,  but 
the  points  of  them  frequently  came  together  and  occasionally 
overlapped.  It  was  from  this  cause  that  trucking  and  hard  usage 
tended  to  disintegrate  the  surface  structure  and  it  was  suggested 
that  if  means  were  found  of  filling  up  these  voids  with  some  sort 
of  an  elastic  cement,  better  results  would  be  obtained  with  the 
floors.  A  few  of  the  large  paint  manufacturers  had  been  con- 
ducting rather  extensive  experiments  to  find  out  what  materials 
would  go  into  the  concrete  and  satisfactorily  fill  up  these  voids, 
or  at  least  the  largest  part  of  them,  but  most  of  the  information 
which  they  have  obtained  was  inaccessible.  A  trial  of  one  com- 
pound manufactured  by  a  Philadelphia  concern  was  found  to 
make  a  great  difference  in  wearing  qualities  of  the  concrete 
floors;  the  compound  seemed  to  fill  up  these  voids  and  make  the 
cushioning  effect  which  resulted  in  the  perfect  condition  of  the 
floors.  It  was  the  speaker's  experience,  however,  that  people  did 
not  like  the  hard  unyielding  surface  of  the  concrete  floor  to  stand 
on  all  day.  Neither  the  students  in  the  laboratories  nor  the  in- 
structors liked  them  and  they  could  not  become  accustomed  to  it. 
While  he  agreed  that  in  a  great  many  industrial  plants,  the  dis- 
advantages of  the  concrete  floor  were  unquestionably  offset  by  its 
advantages,  he  felt  that  the  wood  blocks  installed  on  end  in  con- 
crete was  the  best  floor  construction  that  could  be  used. 

Mr.  Parks,  in  reply  to  a  question  concerning  humidity  control, 
stated  that  the  distribution  of  the  humidifying  apparatus  over 
the  average  textile  mill  was  determined  largely  by  the  per- 
centage of  humidity  that  was  needed  in  the  various  processes  of 
manufacture,  the  most  common  practice  being  to  have  the  ap- 
paratus distributed  fairly  frequently  over  the  mill.  In  fully  90 
])er  cent  of  the  textile  plants,  the  humidifying  process  was  ap- 
plied independently  of  ventilation.  Of  course,  in  many  of  the 
older  plants,  ventilation  was  obtained  merely  by  opening  the 
windows,  but  in  recent  years  more  attention  had  Iieen  given  to 
this  matter.  So  far  no  ill  effects  had  been  observed  from  the  use 
of  humidification  on  the  health  of  the  operatives,  although  he 
suggested  that  if  a  high  humidity,  say  above  80  per  cent,  were 
used,  it  might  begin  to  lie  harmful.  He  stated  that  it  was  now 
viewed  by  the  medical  ]irofession  as  advantageous  to  provide 
humidity  regulation,  and  referred  to  some  uuichine  shops  that 
had  put  in  souie  kind  of  air-conditioning  apparatus  from  the 
standpoint  of  benefit  to  the  operatives,  while  others  had  made 
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use  of  hiiniidity  control  from  the  st!in(l[)oint  of  removing  smoke 
and  dust, 

E.  D.  Lyle  stated  that  humidifiers  were  used  in  lithographing 
plants  and  in  many  processes  of  manufacture  where  a  fiber  was 
used;  in  processes  of  this  kind  and  in  many  plants  where  gases 
were  used,  humidifying  was  very  advantageous.  Candy  manu- 
facturers, film  manufacturers  and  tobacco  manufacturers  were 
perhaps  the  largest  users  of  this  process,  although  the  field  had 
grown  and  Avas  gi-owing  constantly  and  it  could  not  l)e  predicted 
where  it  would  stop. 
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Not  so  A-crv  lonu  ago  :i  man  th()n<2;ht  that  he  knew  eA-erythinp; 
about  his  engine  if  lie  had  taken  an  indicator  card.  This  is  no 
longer  so.  Of  late,  it  has  become  more  necessary  than  ever,  from 
an  economical  standpoint,  to  produce  power  as  cheaply  as  pos- 
sible, while  the  appearance  of  comparatively  new  sources  of 
power,  such  as  the  gas  producer  and  gas  engine,  has  made  an 
exact  determination  of  costs  and  efficiencies  more  valuable  than 
before,  such  data  being  used  for  determining  the  selection  of  the 
prime  mover,  a  state  of  affairs  which  did  not  exist  in  the  days 
when  the  selection  was  limited  to  the  reciprocating  steam  engine. 
We  witness  therefore  an  appearance  of  a  series  of  methods  for 
a  better  and  more  practicable  use  of  indicator  diagrams,  indicat- 
ing devices,  etc.  In  this  country  this  tendency  has  found  an 
expression  in  the  beautiful  work  of  Mr.  Clayton  published  in 
The  Journal  last  year. 

Tins  month's  articles 

Among  this  month's  articles  will  be  found  an  abstract  of  a 
paper  by  Mr.  Leinweber  on  Diagram  Characteristics  which, 
though  not  of  as  fundamental  a  character  as  Mr.  Clayton's,  will 
be  of  great  interest  especially  to  internal-combustion  engineers. 
The  same  tendency  to  break  away  from  the  somewhat  loose 
methods  and  conceptions  of  a  few  years  ago  is  manifested  in 
Professor  Bouasse's  discussion  of  the  Young  modulus  in  which 
he  shows  that  the  current  definition  of  this  coefficient  covers 
only  a  particular  case,  a  general  definition  l)eing  also  gi\en.  The 
article  by  Dumanois  on  the  application  of  Diesel  engines  to  driv- 
ing battleships  brings  out  a  fact  which,  though  not  entirely 
novel,  has  not  yet  l^ecome  fully  known,  viz.,  that  at  certain 
periods  of  operation,  the  actual  pressures  in  Diesel  engines  may 
be  three  or  four  times  as  great  as  the  normal  pressures,  a  fact 
of  considerable  importance  when  it  is  remembered  that  the  nor- 
mal pressures  are  as  high  as  35  atmospheres.  The  attention  of 
steam  engineers  is  called  to  the  description  of  tests  made  at  the 
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Bollinckx  Company's  works  in  Belgium  to  determine  the  meth- 
ods of  prevention  of  the  somewhat  mysterious  phenomenon 
known  as  water  hammer.  These  tests  have  shown  that  a  few 
simple  precautionary  measures  are  all  that  is  necessary.  Atten- 
tion is  also  called  to  the  article  on  welding  of  steam  boilers  and 
the  data  on  some  boiler  explosions  in  Germany,  interesting  in 
showing  how  thoroughly  each  accident  of  this  kind  is  investi- 
gated on  the  other  side  of  the  water.  Keference  to  the  descrip- 
tion of  the  Mestre  Squirrel  Cage  Superheater  has  already  been 
made  in  The  Journal  for  May.  In  compliance  with  a  number 
of  requests  and  inquiries,  a  full  description  of  this  device  is 
given  in  this  issue.  Refrigerating  engineers  will  be  interested  in 
the  New  Tables  and  Diagrams  for  Sulphurous  Acid,  by  Dr. 
Hybl.  On  account  of  their  importance,  the  tables  are  fully  re- 
produced, but  it  w^as  not  thought  advisable  to  reproduce  the 
entropy  diagram,  since,  in  its  reduced  form,  it  could  not  be  used 
for  practical  purposes.  In  the  section  Miscellanea  will  be  found 
a  defense  of  the  Taylor  system  of  management  by  H.  Le  Chate- 
lier,  interesting  both  because  of  the  prominence  of  the  author, 
and  the  lucid  manner  of  meeting  the  stock  objections  made  to 
this  system. 

Air  Machinery 

New  Designs  of  Tubbo-Blowers  and  Turbo-Gas-Exhaustoes  foe  Metal- 
lurgical Plants  {Tsleuere  Ausfiihrvngcn  von  Turbogehlnsen  itnd  Turhogas- 
sangern  fur  Hilttenwerke,  Ernst  Blan.  Die  Fordertechnik,  vol.  6,  no.  4.  p. 
77,  April  1913.  5  pp.,  9  figs.  d).  Description  of  new  types  of  turbo-blowers 
and  tiirbo-exhaustors  built  by  Brown,  Boveri  &  Co..  of  Baden,  Switzerland. 
Fig.  lA  and  B  shows  the  operating  characteristics  of  this  type  of  blower. 
Fig.  A  has  been  obtained  from  tests  of  a  blower  without  water  cooling, 
compressing  1200  cbm/min.  (say  42.000  cu.  ft.  per  min.)  to  .320  mm  (12.5 
in.)  mercury,  and  driven  by  a  combined  turbine  rimning  at  2900  r.p.m. : 
a,  J),  c  and  d  are  pressure-volume  curves,  a',  &',  c'  and  d'  steam  consump- 
tion curves,  and  rj  efficiency  curve.  The  amount  of  air  taken  in  has  been 
determined  in  the  usual  manner  by  means  of  a  calibrated  nozzle,  the  vari- 
ous amounts  and  pressures  being  obtained  by  varying  the  position  of  a 
hand  wheel  on  the  turbine  governor.  Fig.  IB  gives  data  for  a  blast-fur- 
nace blower  designed  to  deliver  850  cbm/min.  (30.000  cu.  ft.  per  min.) 
compressed  to  250  mm  (9.8  in.)  mercury,  driven  by  an  electric  motor:  a 
and  ft  are  pressure- volume  and  power- volume  curves  respectively,  c  Is  the 
limiting  curve  for  constant  load. 

The  article  further  describes  the  construction  of  a  turbo-blower  for 
supplying  air  at  a  higher  pressure  to  converters.  The  following  device 
is  used  to  equalize  axial  thrust  in  single  end  blowers :  behind  the  last 
runner  on  the  shaft  is  wedged  on  a  disc  running  between  two  labyrinth 
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packed  surfaces  in  front  of  a  closed  chamber.  When  the  final  pressure  of 
the  compressor  becomes  too  great,  it  spreads  through  a  slot  in  fi'ont  of  the 
disc  to  a  space  behind  it,  and  the  shaft  is  displaced  towards  the  suction 
side  of  the  blower  by  the  pressure  acting  on  the  comparatively  large  rear 
surface  of  the  disc.  At  this  moment  the  slot  in  the  rear  labyrinth  packing 
opens  a  little,  a  comumnieation  between  the  back  space  and  the  atmos- 
phere is  established,  and  as  a  result  the  pressure  on  the  rear  surface  of 
the  disc  falls  off  and  the  shaft  returns  to  its  initial  position.     In  actual 
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Fig.  2     Gilbert  Tractor 


practice  the  pressure  equalization  occurs  with  such  rapidity  that  to  all 
practical  purposes  the  disc  is  always  in  its  middle  position.  This  arrange- 
ment is  automatic,  and  has  the  advantage  of  making  unnecessarj-  the  in- 
stallation of  a  high-pressure  stuffing  box.  The  collar  thrust  hearing  serves 
only  to  keep  the  shaft  in  position,  Imt  not  to  take  up  the  axial  thrust. 

Farm  Machinery 

The  Gilbert  Tractor  (Le  tracteur  dc  M.  Gilbert,  Feruaud  de  Cond6. 
Bulletin  de  la  SociH^  d'Encourayenicnt  pour  Vindustrie  nationale,  vol.  119, 
no.  3,  p.  481,  March  1913.  11/2  pp.,  1  fig.  d).  The  Gilbert  tractor  has  five 
wheels:  the  two  front  wheels    (Fig.  2)   B  are  guiding  wheels;  two  small 
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wluM'ls  (HI  llic  Icl'l  ill  (he  vvav  arc  in  uuc  iiiccc  .-iikI  on  tho  saiiio  :ix1e.  and 
art'  aclinj^  as  mad  wheels;  the  larjie  wiicei  on  the  right  is  the  driver.  The 
front  wheels  are  connected  with  the  underframe  by  means  of  a  central 
steering  swivel  which  permits  of  a  considerable  displacement  of  the  wheels 
in  the  vertical  plane  with  respect  to  one  another,  and  a  great  obliquity! 
with  respect  to  the  two  axles,  without  impairing  the  stability  of  the 
tractor.  To  increase  the  adherence,  the  rim  of  the  driver  M  is  provided 
with  striii?  m,  and  in  addition,  steel  plates  are  arranged  to  come  out 
through  the  slots  r  and  penetrate  into  the  ground ;  while  in  the  upper  part 
of  the  wheel  they  disappear  completely  inside  the  rim,  iu  the  lower  they 
stick  out  about  0.12  m  (4.72  in.)  ;  this  is  achieved  by  fixing  these  plates 
to  levers  disjxjsed  iu  a  manner  around  the  hub  such  as  to  have  a  motion 
eccentric  to  that  of  the  wheel ;  this  arrangement  helps  also  to  rid  the 
wheel  and  the  plates  of  earth  that  might  otherwise  stick  to  it.  When  the 
tractor  is  traveling  on  common  roads,  i.e.,  doing  no  field  work,  the  plate 
device  is  turned  through  180  deg.,  so  that  the  plates  stick  out  of  the  upper 
part  of  the  rim,  and  do  not  interfere  with  the  motion  of  the  tractor.  The 
draw'-bar  K  can  be  moved  from  a  to  h  in  accordance  with  the  resistance 
met  with  by  the  tractor.  .  D  is  the  engine  (an  explosion  engine  of  12  h.p. ), 
S  the  seat,  and  /?  gasolene  tank. 

Hydraulics 

Water  Head  of  IG'jO  Meters  (Vnc  chute  de  1650  metres.  Journal  du 
four  ('icctriqiie.  vol.  22,  no.  31)8,  1G9,  April  1.1,  1913.  1  p.  clh).  The  author 
indicates  briefly  the  stages  in  the  adoption  of  higher  and  higher  heads  of 
water  in  hydraulic  plants,  and  gives  some  data  of  the  hydroelectric  plant 
of  the  Societe  d'Electrochimie,  of  Paris,  France,  now  under  construction. 
This  project  ijroposes  to  use  water  power  from  lake  Fully,  in  Valais, 
France,  with  a  head  of  ICoO  meters  (5415  ft.)  The  conduit  is  to  be  4% 
km  (2.8  miles)  long  made  of  steel  tubing  from  (jOO  to  500  mm  (23.6  to 
19.6  in.)  in  diametiT,  and  with  walls  6  to  45  mm  (0.23  to  1.77  in.)  thick. 
In  the  upper  part  tubes  will  be  welded  b.v  water  gas;  in  the  lower  part, 
which  is  to  support  iiressures  up  to  165  atmospheres,  welded  tubes  would 
not  be  strong  enough  and  therefore  cold  drawn  tubes  are  to  be  used.  The 
project  calls  for  four  Pel  tons  wheels,  each  of  .3000  h.p.  at  500  r.p.m. 

New  Turbine  Pendulum  Governors  of  the  de  Temple  Governor  Con- 
.STRucTiON  Company  of  Leipzig  (Netie  Turlr'mi)cn6el  <ler  Regulatorenbau- 
GcHvUsclutft  (1c  1'cniple  in  Lcipzip,  O.  JNIoog.  Zcits.  fiir  das  gesamte 
Tiirhinenircscii,  vol.  10,  no.  11,  p.  161,  April  30,  1913.  5  pp.,  5  figs.  ,d). 
According  to  the  author's  definition,  a  turbine  pendulum  governor  is  a 
centrifugal  governor  to  be  used  in  the  first  place  for  governing  engines 
with  a  constant  moment  of  torsion,  such  as  water,  steam  and  gas  turbines, 
as  opposed  to  reciprocating  engines  having  a  variable  moment  of  torsion. 
To  make  governors  economically  and  well,  they  must  be  produced  in  large 
quantities,  which  requires  the  use  of  special  machinery.  It  did  not  pay 
turbine  makers  to  go  iu  for  governor  manufacture  also,  which  conse- 
quently had  to  be  taken  up  by  special  factories;  the  latter  in  their  turn 
had  to  make  the  governors  so  that  they  should  be  good  for  as  many  uses 
as  possible,  and  therefore  to  design  them  so  that  their  main  ]>art  should 
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apijly  to  ;ii)i);ir;ilus,  iioiwitlustaiKluiji  the  purpose  for  which  it  was  to  he 
used;  the  difterence  in  the  various  Iciuds  sliould  lie  only  in  the  secondary 
appliances.  This  was  the  way  followed  hy  the  de  Temple  (iovernor  Con- 
struction Company  of  Leipzig  whose  pendnlnm  governor  is  descrihed  in 
the  article.  The  description  of  the  governor  is  preceded  by  some  the- 
oretical considerations  which,  though  not  entirely  new-,  do  not  appear  to 
have  been  presented  in  an  English  publication  in  the  same  way. 

Let  E  be  sleeve  pressure  of  the  pendulum  ;  5  coefficient  of  cyclic  varia- 
tion of  the  pendulum  ;  5  1  coefficient  of  cyclic  variation  of  the  regulation ; 
«r  coefficient  of  insensitiveness  of  the  pendulum  caused  by  governor  fric- 
tion ;  «  total  coefficient  of  insensitiveness ;  s  lift  of  sleeve  of  pendulun> ; 
Sr  reduced  lift  of  sleeve  of  pendulum ;  Mr  reduced  mass  of  pendulum ;  Tn 
starting  time  of  the  engine ;  7's  closing  time  of  the  regulation ;  T^  relative 
closing  time  of  the  regulation ;  Tp  natural  period  of  oscillation  of  the  gov- 
ernor; Tr  period  of  oscillation  of  the  regulation,  Ci,  G.,,  C^  ...  constants. 

As  shown  by  Tolle,  in  the  case  of  a  direct  regulation  of  an  engine  the 
most  advantageous  coefficient  of  cyclic  variation  is  determined  by  the 
equation : 


.[1] 


and  in  this  case  the  coefficient  of  insensibility  has  to  l)e  made  egC'ig  x, 
where  x  is  the  relative  load  vai'iation.  A  small  coefficient  of  insensibility 
would  lead  to  the  pendulum  oscillating  all  the  time,  while  a  perfectly 
sensitive  pendulum  could  not  be  used  at  all.  5  can  decrease  with  the  de- 
crease of  Sr,  or  with  the  increase  of  3'a,  but  in  machinery  without  periodic 
variation  of  the  moment  of  torsion,  the  starting  time  is  made,  from  eco- 
nomic considerations,  as  short  as  possible,  and  the  decrease  of  the  coeffi- 
cient of  cyclic  variations  can  be  effected  only  by  reducing  Sr.  In  the  case 
of  pilot  valve  governing  the  closing  time  7's  and  the  coefficient  of  cyclic 
variation  of  the  regulation  must  also  be  considered.  The  condition  of 
stability,  requiring  that  after  a  load  variation  the  engine  should  pass  into 
its  new  state  of  equilibrium  without  oscillations,  is  as  follows :  the  natural 
period  of  oscillation  of  the  pendulum  Tp  should  be  small  as  compared  with 
the  period  of  oscillation  of  the  regulation  Tp  and  Tr,  which  are  respectively 


\  2 


Tr 


^ [2] 

I 

=  2..l?^il' [31 

\   75  A' s 

These   equations    are    further   transformed    by    the    introduction    of    the 
following  values  for  Sr.  Ta  and  Ts : 

«.  =  ^-^;T.=  ^;     T.  =  ^^ [4] 

E  75N  s 

the  last  on  the  assumption  that  the  governor  velocity  is  proportional  to 
the  displacement  of  the  pendulum  sleeve  out  of  its  median  jxisition.  Equa- 
tions 1 2|  and  \P>]  then  take  the  form  : 
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^•H^ • P»' 

T,  =27r  VTaTaS [3a] 

the  equation  of  irregiilarity  of  the  governor   (Stabilitiltsbedingung)   taking 
tlie  form : 

T  —      ' 

P  iTT        I         St 

Tr''''^^j^«' i-^i 

The  usual  expression  for  the  maximum  speed  deviation,  in  revolutions, 
in  the  case  of  pilot  valve  governing,  is : 

Aco     ^     \75N  8Tr  ,. 

z  =  —  =  Ci^l  —^-^^ t*^ 


3^ 


where  x  is  the  relative  load  variation.     With  the  values  given  in  [41.  this 
becomes 

z  =  C,^C,J^-^x [6a] 


From  a  consideration  of  equations  [5]  and  [Ga]  it  appears  that  the 
value  of  5  in  most  cases  is  fixed,  and  must  not  exceed  a  certain  definite 
limit.  While  it  would  appear  from  [5]  that  Ts  be  selected  as  large  as 
possible,  equation  [6a]  is  against  that  by  showing  that  with  respect  to 
the  maximum  permissible  s])eed  deviation  it  is  advisable  to  make  Ts  as 
short  as  possible.  It  is  not  economic  to  make  T&  larger  than  otherwise 
necessary,  and  therefore  the  best  way  to  limit  the  irregularity  of  the 
governor  appears  to  be  still  to  make  the  reduced  lift  of  sleeve  of  pendu- 
lum small.  Insensitiveness  of  the  pendulum  is  particularly  harmful  in 
the  case  of  pilot  valve  governing,  since  it  not  only  increases  the  maximum 
speed  deviation,  but  also  the  irregularity  of  the  governor.  On  the  other 
liand,  a  perfectly  sensitive  pendulum  is  also  inapplicable  owing  to  the 
impossibility  to  make  a  itendulum  havhig  no  mass.  The  rise  of  periodical 
oscillations  is  prevented  by  the  action  of  forces  in  tlie  pendulum  itself,  but 
insensibility  of  the  pendulum,  while  in  its  equilibrium  position,  is  harmful 
in  that  it  prevents  the  pendulum  from  exercising  at  once  its  regulating 
influence:  insensitiveness  of  the  pendulum  should  therefore  come  into 
play  only  after  the  beginning  of  the  governing  action.  The  de  Temple  gov- 
ernor itself  will  be  described  in  an  early  issue  of  The  Journal. 

Internal  Combustion  Engines 

Vakiable  Stroke  Engine  (Le  -moteiir  d.  course  varkthlc,  G.  Lienhard. 
La  Technique  automohile  et  aerienne,  vol.  8,  no.  88,  p.  52,  April  15,  1013. 
8  pp.,  5  figs.  (It).  Principles  of  operation  of  the  new  valveless  variable 
stroke  internal-combustion  engine,  Itala,  in  which  the  usual  system  of 
change  speed  gears  and  transmission  by  crank  and  connecting  rod  are  re- 
placed by  the  novel  arrangement  shown  in  Fig.  3A  (the  connecting  rods 
shown  by  their  axes  only).  The  piston  A  is  free  to  move  in  a  cylinder 
(not  shown)  ;  the  connecting  rod  B  articulates  in  a  with  the  piston,  and 
in  J)  with  anotlier  connecting  rod  7i,  in  its  turn  having  a  further  connec- 
tion in  c  with  the  crank  M  of  wheel  A',  in  mesh  with  an  endless  screw  in 
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a  way  such  that  it  may  eitlier  move  anil  turn  tlie  t-rauk  with  It,  or  he 
kei)t  in  any  desirort  fixetl  position.  In  h  also  is  articulated  a  third  connect- 
ini;  rod  Ji-.  en.icatiintr  at  its  other  extremity  the  crankshaft  of  the  engine. 
If  the  wlu'(>l  A'  is  held  stationaiy  while  the  engine  runs,  the  piston  will 
have  a  reciprocating  motion  at  constant  ami)]itude.  But  if  the  wheel  R 
be  given  a  rotary  motion,  with  c  describing  a  cix'cle  about  o  as  a  center, 
while  the  engine  runs,  the  amplitude  of  reciprocating  oscillations  of  the 
piston  will  vary.  The  author  analyzes  in  detail  the  variation  of  the  stroke. 
and  to  do  this  solves  an  interesting  problem :  being  given  two  cranks  of 
any  length  connected  by  a  connecting  rod  of  any  length,  to  determine  the 
movement  of  one  of  the  cranks  from  that  of  another.  This  part  of  the 
article  is  not  suitable  for  abstracting.  No  data  as  to  actual  tests  of  the 
Itala  engine  are  given. 

Diagram  Characteristics  (Diagramm-Characteristiken,  B.  Leinweber. 
Zeits.  lies  Vereines  deutftchcr  Ingcnieure,  vol.  57,  no.  14,  p.  534,  April  5, 
191 3.     9  pp.,  27   figs.   eiA).     The  usual   method  of  investigating  thermo- 


FiG.  3     Variable  Stroke  Itala  Engine 


dynamically  indicator  diagrams  is  to  draw  an  isothermal  or  adiabatic 
curve  through  the  origin  of  the  compression  or  expansion  line,  or  to  com- 
pare the  expansion  (compression)  line  with  a  polytropic  curve  plotted  to 
a  polytropic  coefficient  n  approxwmtcly  corresponding  to  that  of  the  actual 
expansion  line.  The  angle  <p  is  selected  as  above,  and  from  it  is  deter- 
mined, by  the  formula  1  +  tg  v^  =  (1  +  tg  9?)°,  the  angle  \p  which  is  then 
used,  to  draw  the  ideal  polytropic  curve  (=h)  in  the  usual  manner.  This 
process  is  however  little  suited  for  the  actual  determination  of  thermo- 
dynamic processes  since  actually  the  diagram  lines  do  not  follow  the  ideal 
coefficient  n,  but  their  polytropic  coefficient  varies  continuously.  To  draw 
ideal  i^olytropic  curves  through  every  point  of  the  diagi'am  is  not  prac- 
tical, and  the  author  suggests  a  different  method  for  plotting  the  char- 
acteristic curves :     Divide  the  abscissa  to  a  given  line  of  change  of  state 

(Fig.  4)   in  a  manner  such  that   ~  =   -  =    —   ;  draw  through  the  points 

V2  Vs  V4 

of  division  perpendiculars  to  the  abscissa,  and  draw,  until  their  intersec- 
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tiou  with  these  peri)eiKlicnlars.  lines,  at  4.")  cleg,  to  the  preceding  line,  from 
the  point  of  division  next  to  it:  a  straight  line  of  proportionality  is  then 
obtained  enclosing  an  angle     </>.   the  dimensions  of  which  depend  on   the 

ratio    — .    If  now  parallel   lines  l»e  drawn  from  the  corresponding  points 

of  the  expansion  line  to  the  abscissa,  and  from  their  points  of  intersection 
with  the  zero-ordiuate  straight  lines  be  drawn  at  45  deg.  to  the  ordinate, 
points  of  intersection  are  obtained  which,  when  connected  with  the  origin 
of  the  coiirdinates,  give  a  line  which,  together  with  the  ordinate,  encloses 
an  angle  yp  satisfying,  for  the  corresponding  point  of  the  expansion  line, 
the  equation  1  +  tg  ^  =  ( 1  +  tg  .p  )  °.  In  the  case  of  the  ideal  polytropic 
curve  of  change  of  state,  all  these  points  of  intersection  lie  in  a  straight 
line,  the  angle  i^  being  constant  when  n  is  constant.  In  actual  diagrams 
the  coefficient  n  is  not  constant,  the  angle  \}/  varies,  and  the  line  connect- 
ing the  points  of  intersection  is  not  straight  line,  but  an  irregular  curve. 


Fio.  4     Indicator  Diagkam  Characteri8tics 


By  drawing  from  the  origin  of  the  coiirdinates  two  straight  lines,  one  with 
angle  ^  for  n  =  1  (isothermal)  and  the  other  for  n  =  1.44  (adiabatic 
curve),  one  can  observe  the  variations  of  the  coefiicieuts  n  for  different 
angles  \i/  as  compared  with  these  curves,  and  how  the  diagram  oscillates 
between  these  two  changes  of  state.  The  main  part  of  the  article  devoted 
to  the  application  of  this  method  to  the  investigation  of  internal-combus- 
tion engines  is  of  interest  in  showing  how  much  information  as  to  the 
working  of  such  engines  can  be  obtained  from  indicator  diagrams  with  a 
proper  method  of  interpreting  them,  but  cannot  be  abstracted  here  owing 
to  lack  of  space. 

Application  of  Diesel  Engines  to  Wak  Vessels  ( Application  des  mo- 
tciirs  Diesel  aux  navires  de  guerre,  P.  Dumanois.  La  Teelinhjiic  moderne, 
vol.  G.  no.  8.  p.  289.  April  15,  191,"^.  0  pji.,  4  figs.  c).  The  author  believes 
that  Diesel  engines  are  not  suitable  for  driving  war  vessels.    Let  /',  pm  ;nid 
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A  1)(>  the  iii.ixiiimiii  pressure,  axcni.i^e  ordiiinle  aiul  imiiiln'r  of  revolutions 
IK'r  uiiiuite  of  a  steam  iMijj;ine,  and  J'\  ;>',„  and  A''  the  same  (luanfities  re- 
sittH-tivel.v  for  a  four-stroke  cycle  Diesel  eujjiiie  of  e<iual  power  and 
strength.  It  ma.v  he  admitted  that  the  weight  of  an  engine  per  horse- 
power is  a  function  of  these  quantities: 

P 
W  =  A 

/>,„  A- 

and  in  the  case  of  a  Diesel  engine 

P' 

TF'  =  4  A 


?>',nA' 


Hence 


P'  2)m   N 
W'  =  4  IF -—Cr^ 

P  V'm  N' 


hut,  since  /',  J".  /j,„  anil  p'm  are  constant  for  given  apparatus,  there  is  an 
advantage  in  increasing  N'  in  order  to  reduce  W.,  But  in  the  steam  engine 
of  say  (iOOO  h.p.,  N  is  about  4()l>  r.p.m.,  which  is  also  about  the  maximum 
for  A''  (speed  of  a  Diesel  engine),  so  that  A^  =  N'.  Since  further  (in  at- 
mospheres) P  =  17.5  ;  P'  =  35  ;  ;^,„  =  4  ;  and  p'™  =  7  ;  W  =  57  lig.  (125  lb.) 
for  a  four-stroke  cycle  engine  and  approximately  40  kg.  (88  lb.)  for  a  two- 
stroke  cycle  engine,  which  is  considerably  in  excess  of  the  corresponding 
weights  in  the  case  of  a  steam  engine  (the  author  shows  that  taking  into 
consideration  the  weight  of  the  fuel,  etc.,  the  weight  of  a  Diesel  engine 
])er  horsepow'er  must  not  exceed  .^l  kg,  or  C>8  lb.,  in  order  to  be  equal  in 
efticieucy  per  lb.  of  w^eight  to  the  steam  engine).  But  the  author  shows 
further  that  the  maxinnnu  gage  pressure  of  35  atmospheres  in  the  Diesel 
engine  when  normally  operating  does  not  at  all  indicate  the  actual  maxi- 
mum pressure  w^hich  under  certain  conditions  may  be  three  times  as  high ; 
this  will  cause  mechanical  fatigue  of  the  materials  used  and  impair  the 
reliability  of  the  engine.  Therefore,  even  with  an  engine  exceeding  in 
relative  weight  the  steam  the  coc^fhcient  of  relia'bility  would  be  lower  for 
the  Diesel  engine,  and  to  make  them  as  reliable  as  steam  engines,  tliey 
would  have  to  be  designed  for  maximum  pressures  up  to  115  atmospheres 
for  four-stroke  cycle  engines,  and  80  atmospheres  for  two-stroke  c.vcle 
engines,  which  would  make  their  weight  absolutely  prohibitive  for  use 
on  battlesliips.  To  this  must  l)e  added  the  difficulty  of  construction  of 
large  bore  Diesel  engines,  which  increases  more  rapidly  than  the  size  of 
the  engine.  Attention  of  internal-combustion  engineers  is  called  to  tlie 
author's  discussion  of  the  processes  producing  pressures  three  or  four 
times  larger  than  the  normal  maximum  pressure:  abstract  cannot  be  given 
on  account  of  lacU  of  space. 

The  Modern  Gas  Engines  and  Their  Economic  Position  (Die  neiieren 
Gasniaschincn  und  Hire  irirtschaftliche  Stellunff,  H.  Neumann.  Journal 
filr  Gasheleuchtuuff,  vol.  56,  no.  15,  p.  341,  April  12,  1913.  5  pp..  12  figs. 
cd).  From  a  paper  read  at  the  44th  annual  convention  of  the  Silesian  Gas 
and  Water  Engineers  Association.  The  author  believes  that  the  progress 
of  the  small  electric  motor  in  the  industry  is  due  to  a  large  extent  to  tlie 
greater  flexibility  of  the  electric  tariffs  as  compared  with  the  rigid  gas 
rates,  as  well   as  to  the  fact   that  hitherto  the  first  cost  of  gas  engines 
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was  soiiunvliat  hijihor.  and  the  attendance  less  simple  than  with  an  electric 
motor.  Lately  however  new  types  of  extremely  simple  and  practically  fool- 
proof gas  engines  have  been  placed  on  the  market,  some  of  which  the 
author  descril)es:  In  the  Deutz  itaphtlialme  cnguic  the  naphthaline  is 
vaporized  by  boiling  cooling  water,  the  feed  pipe  conducting  naphthaline 
vapor  from  the  vaporizer  to  the  atomizer  being  surrounded  by  steam,  in 
order  to  prevent  condensation  of  the  vapor.  Until  the  cooling  water  is 
heated  up  to  the  boiling  point,  which  takes  about  %  hours,  the  engine  is 
driven  by  gas  or  benzole.  From  data  given  in  the  article  it  appears  that 
in  Germany  the  naphthaline  engine,  in  sizes  of  say  6  b.p.,  becomes  more 
economical  than  the  gas  engine  when  operated  at  the  rate  of  1750  and 
more  hours  per  year,  the  economy  in  favor  of  the  naphthaline  engine  in- 
creasing as  the  number  of  working  hours  per  year  gi'ows. 

Mechanics 

Combined  Oil  and  Graphite  Lubrication  (KomMmerte  Oel-  und 
Graphitscliiuierung,  H.  Putz.  Dingier  s  poly  tech  nisches  Journal,  vol,  328, 
no.  i7,  p.  257,  April  26,  1913.  3  pp.  pt).  Exposition  of  the  Ubbelohde  the- 
ory of  lubrication,  mainly  in  connection  with  the  problem  of  graphite  and 
graphite-oil  lubrication.  For  a  detailed  statement  of  the  Ubbelohde  theory 
see  The  Journal,  June  1912,  p.  963,  and  August  1912,  p.  1245. 

Concerning  M.  Brenier's  Article  on  the  Study  of  Springs  (A  propos 
de  V  etude  sur  les  ressorts  de  M.  Brenier,  Marechal.  Bulletin  de  la  Soci^te 
de  r Industrie  min^rale,  April  1913.  p.  471,  5  pp.,  p).  The  author,  chief 
equipment  engineer  of  the  Paris-Lyon-Mediterranee  Railroad,  France,  calls 
attention  to  the  fact  that  his  company  has  been  using  for  20  years  a 
formula  for  the  design  of  laminated  springs  analogous  to  that  established 
analytically  by  Brenier,  which  proves  the  correctness  of  Brenier's  method 
(for  an  abstract  of  the  article  of  Brenier  see  The  Journal,  August  1912, 
p.  1250). 

Definition  of  Young  Moduli  for  Very  Deformable  Bodies  (D^flmtion 
des  modules  pour  les  corps  tres  dcformahles,  H.  Bouasse.  La  Technique 
moderne,  vol.  6,  no.  9,  p.  325,  May  1,  1913.  31/2  PP.,  6  figs.  etA).  The 
author  criticises  the  usual  definition  of  coefficient  of  elasticity  as  the  load 
which  would  be  necessary  to  elongate  a  piece  of  1  sq.  in.  section  to  double 
its  original  length,  provided  the  proportionality  of  elongation  to  tension 
which  holds  for  small  tensions,  would  continue  indefinitely.  The  author 
calls  attention  to  the  fact  that  this  definition  is  usually  applied  to  all 
solids  indiscriminately.  This  classical  definition  means  that  if  Pig.  5A 
(tension  test  curve,  abscissae  elongations,  ordinate  stresses)  the  Young 
modulus  is  measured  by  the  angular  coeflicient  of  the  curve  at  the  origine 
O,  inclination  of  the  tangent  at  the  start,  for  small  loads.  But  there  is 
nothing  to  prevent  anyone  from  considering  the  point  A  instead  of  O,  and 
since  the  inclination  of  the  tangent  is  different  there,  from  obtaining  an 
infinite  number  of  continuously  varying  moduli.  To  the  objection  that  this 
cannot  be  done  because  at  A  there  is  a  pcniiaiient  set,  the  author  replies: 
how  do  you  know  this  except  through  assuming  that  each  curvature  of 
the  curve  of   tension  corresponds   to   a   permanent  set?     He  proceeds  to 
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prove  that  this  is  not  so.  He  maintains  tliat  a  really  elastic  deformatio*i 
corresponds  to  a  reversible  operation.  If  the  curve  0.47?  (Fig.  5A)  corre- 
sponded to  really  elastic  phenomena,  it  would  not  matter  in  which  sense 
it  was  taken  since,  whether  for  decreasing  or  increasing  loads,  the  same 
points  would  corresjwnd  to  the  same  stresses.  Generally,  however,  the 
curves  for  increasing  and  decreasing  loads  look  more  like  Fig.  5B  (for 
rnhl)er).  Since  further,  the  Young  modulus,  by  hypothesis,  is  supposed  to 
represent  a  characteristic  parameter  of  actual  elastic  phenomena  which, 
also  by  hypothesis,  are  characterized  by  the  superposition  of  their  curves 
for  Increasing  and  decreasing  loads,  the  inclination  of  the  tangent  at  some 
point,  say  at  B,  cannot  be  considered  as  characteristic  for  the  modulus, 
since  the  tangents  for  increasing  and  decreasing  loads  are  entirely  differ- 
ent, and,  as  seen  from  Fig  B,  may  be  twice  as  large  for  decreasing  loads 
as  for  increasing. 

The  author  proposes  to  proceed  in  a   manner  different  from  the  usual 

Load 


0      D  H 
Fig.  5     Tensile  Stress-Elongation  and  Residual  Elongation  Curves 


Lengths 


one.  Starting  from  some  point  A  on  the  curve  corresponding  t<>  a  loail  P, 
he  produces  slight  variations  of  load  froniA /*  — A  P  to  A  P  +  A  P-  He 
describes  successively  small  curves  for  Increasing  and  decreasing  loads 
quasi  rectilincwr  and  with  inclinations  tending  towards  the  same  limit. 
If  this  operation  be  repeated  a  great  number  of  times,  two  little  straight 
lines  will  be  described  exactly  superimposing,  and  be  such  that  their  mid- 
dle point  corresponds  to  the  load  P  and  length  L,  and  the  inclination  rep- 
resents the  Young  modulus  for  the  point  In  the  plane  having  for  its 
coordinates  P,L.  With  a  certain  thread  (rubber)  of  a  definite  length  and 
the  same  person  performing  the  tests  It  is  not  possible  to  obtain  all  the 
ix)luts  on  the  plane  (P,L),  but  a  considerable  area  of  that  plane.  The 
moduli  at  all  these  points  may  therefore  be  defined  as  follows :  the  in- 
clination of  small  stretches  of  the  curves,  formed  practically  by  two 
superimposed  lines  have  to  be  determined,  and  from  this  is  derived  the 
Young  modulus  (taking  into  consideration  the  personal  coetlicient  of  the 
experimenter,  and  the  area).  This  definition  includes  the  classical  defini- 
tion as  a  particular  case,  but  has  the  advantage  of  indicating  when  it  may 
be  legitimately  used.  It  shows  that  to  obtain  the  characteristic  inclina- 
tion from  which  the  modulus  might  be  derived,  the  condition  of  operating 
at  small  loads  is  not  sufficient  and  in  addition  the  effect  of  rei)eating  a 
small  cycle  at  light  loads  has  to  be  eliminated.  Fig.  5C  is  interesting  in 
that  it  shows  to  what  extent  the  Inclination  of  small  fixed  cycles  can  differ 
from  that  of  a  large  curve  passing  through  their  middle  points.     The  im- 
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IMirl.iiicc  of  I  his  new  (lin'crciici'  is  iiioro  cvideii)  wJieii  niipllod  to  iiuvteriiils. 
sncii  .IS  nililicr.  tliau  in  (■oiincclion  wilii  metals.  Oiu'  of  llic  cliarac-teristics 
of  siu-li  licltToiieiious  materials,  iiowever.  is  tlial  tlii'v  in/c,  whieli  moans 
tliat  under  eertain  conditions  tlieir  tensile  strength  rapidly  falls  with  time. 
One  of  the  conditions  which,  in  the  case  of  rubber,  appears  to  produce  age- 
ing witli  particular  rapidity  is  rest;  it  is  therefore  of  advantage  to  have 
some  methods  for  determining  the  progress  of  ageing  without  accelerating 
it,  and  experience  sliows  that  one  of  the  characteristics  of  the  ageing  proc- 
ess is  the  liardening  of  tlie  material,  the  increase  of  its  Young  modulus; 
rubber  with  a  small  modulus  of  elasticity  (perfectly  pliable)  becomes  petri- 
fied at  the  end  of  say  six  months  (very  large  coefiicient  of  elasticity).  The 
author  describes  a  method  of  determining  the  coefiicient  of  elasticity  of 
the  material  by  subjecting  it  to  a  series  of  small  stresses  which  neither  act 
destructively  nor  accelerate  the  process  of  ageing.  The  importance  of  his 
process,  as  the  author  claims,  lies  in  the  fact  that  it  is  scientific,  and  that 
it  gives  results  which  mean  something  definite.  The  apparatus  usetl  is 
very  simjile.  and  would  probably  be  of  interest  to  manufacturers  of  tires 
and  balloon  materials. 

Pumps 

Packing  and  Stuffing  Boxes  in  Centrifugal  Pumps   {Dichtiingen  mul 
f^topfhiifliscH,  J)ci  Ereiselpunipen,  A.   Schacht.     Die  Fordoicclinil:.   vol.   G. 


Fir,.  0     Stuffing   Boxes  in  Centrifugal  Pumps 


no.  4,  i».  82,  April  lOl.').  2  i)p..  13  figs.  d).  A  compilative  description  of 
various  types  of  packing  and  stuffing  boxes  in  centrifugal  water  pumps 
to  avoid  clearance  losses.  Several  of  the  devices  described  are  of  American 
orighi,  and  therefore  omitted  here.  Fig.  6A  represents  a  device  patented 
in  Germany  (No.  142,214,  Klasse  59  b).  A  i)acking  ring  a  loosely  set  in 
the  blade  wheel  is  pressed  against  the  casing  wall  b.v  a  sectional  inner 
ring,  the  sections,  under  the  action  of  centrifugal  force,  producing  a  good 
contact  and  thus  eliminating  clearance  losses.  In  another  type  of  the 
same  design  (Fig.  (tP>)  packing  material  is  used  instead  of  the  sectional 
ring,  the  action  likewise  depending  on  centrifugal  force.  In  the  German 
patent  No.  117,218  (Fig.  GC)  the  packing  ring  a  Is  adjustable,  and  so  ar- 
ranged that  it  may  be  adjusted  from  outside.  This  packing  ring  is  pro- 
vided with  screw  threads,  to  prevent  its  jn-essingtoo  hard  against  the  blade 
wheel :  when  the  pressure  liecomes  too  great,  the  blade  wheel  itself  .screws 
it  back  into  the  casing.  Apart  from  the  fact  that  this  stutting  does  not 
apply  to  nmltistage  pumps,  it  would  have  been  very  good,  if  it  were  not 
so  costly.  In  the  Austrian  patent  No.  35,0Gr)  (Fig.  GD)  the  packing  is 
produced  ])artly  by  the  use  of  helical  grooves,  but  mainly  by  the  action 
of  centrifugal  force,  and  to  increase  the  action  of  the  latter  the  depth  of 
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the  grooves  is  iiindo  progressively  increasing.  Tliis  device  ouglit  to  he 
very  oftoctivo  in  view  of  tlie  fact  that  tlie  centrifugal  force  increases  as 
the  Hijuare  of  the  diameter  of  the  increasing  grctoves,  and  therefore  there 
ought  to  he  at  «  a  pressure  sutticient  to  make  a  good  ijacking  joint.  The 
article  does  not  state  if  any  of  these  types  are  in  actual  use. 

Steam  Engineering 

Steam  Drying  (Das  Twcknen  des  Kess-'icldampfcs,  0.  Guillery.  Organ 
fiir  (lie  Forfsclnitfc  des  Eisenbahmoeseiis  in  techiiischer  Beziehung,  new 
series,  vol.  r)(i,  no.  8.  p.  MO,  April  15,  191o.  1  p.,  1  fig.  dp).  Since  the  in- 
tx'oduction  of  superheated  steam,  steam  drying  has  been  somewhat  neg- 
lected, hut  is  really  more  important  than  ever,  because  tlie  heating  area 
has  grown  more  rapidly  than  tlie  surface  of  evaporation,  the  amount  of 
evajxiration  i)er  unit  of  heating  area  has,  in  locomotive  practice,  increased 
with  the  increased  spet^l  of  runs,  while  the  path  of  the  steam  bubble  from 
the  fire  tubes  and  walls  of  the  fire  box  inside  of  the  boiler  has  become 
longer.  In  addition,  the  water  surface  in  a  locomotive  boiler,  owing  to 
stronger  vibrations  due  to  the  greater  speed  of  the  locomotive,  has  become 
less  steady  than  before,  while  the  steam  domes  have  become  lower  as  the 
boiler  diameter  increased.  All  these  factors  are  conducive  to  higher  water 
content  in  steam,  and  the  drying  of  the  steam  ought  not  to  be  entirely  left 
to  the  care  of  the  superheater:  the  locomotive  will  work  of  course,  but  the 
efficiency  of  the  superheater  will  be  lower.  The  article  contains  also  a 
brief  description  of  the  Born  separator  (centrifugal  type)  with  which 
tests  were  made  on  a  private  suburban  line  and  have  shown  an  economy 
of  7.5  per  cent  in  the  amount  of  water  used.  No  exact  data  as  to  the 
methods  of  testing  are  given. 

Water  Hammer  in  Steam  Engines  {Les  coups  d'caii  dans  Ics  machines 
a  vapenr,  F.  Gyseling.  Revue  Industrielle,  vol.  44,  no.  2081/10,  p.  209, 
April  19,  191.3.  .3  pp.,  14  figs.  eA).  Data  of  experiments  made  at  the  plant 
of  the  H.  Bollinckx  Machine  Company,  Brussels,  Belgium  (the  author  is 
technical  director  of  the  company).  For  the  tests  a  single  cylinder  engine 
was  used,  having  diameter  of  cylinder  .3.50  mm  (13.7  in.),  stroke  700  mm 
(27.5  in.),  speed  1.58  r.p.m..  admission  steam  pressure  7.5  atmospheres. 
normal  power  140  i.h.p.  The  valve  gear  is  by  horizontal  piston  valves  with 
trip  gear  for  admission  and  positive  gear  for  exhaust,  the  admission  catch 
acted  on  by  a  centrifugal  governor  wliich  permits  varying  the  degree  of 
admission  from  0  to  .55  per  cent ;  exhaust  lead  10  per  cent,  and  compres- 
sion lead  25  per  cent ;  clearance  only  3  per  cent  of  the  useful  volume  of 
the  cylinder.  The  engine  was  built  to  use  satiu'ated  steam.  To  determine 
more  precisely  the  influence  of  water  carried  into  the  cylinder  by  the  ad- 
mission of  steam,  the  condenser  was  disconnected,  and  the  engine  run 
with  free  exhaust  into  the  air.  To  allow  the  water  flowing  from  the 
cylinder  to  move  more  freely,  the  discharge  piping  having  a  diameter  of 
170  mm  (G.6  in.)  was  set  with  a  slant  towards  the  outside;  the  exhaust 
steam  was  allowed  to  escape  through  the  end  of  the  piping,  at  the  floor 
level.  To  make  the  damage  due  to  the  action  of  water  hammer  as  slight 
as  possible,  special  precautions  have  been  taken.  By  i)utting  out  of  action 
the  front  catch,  the  engine  w-as  made  single  acting.  s(i  that  a  water  ham- 
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mer  could  l)e  pvoduced  only  in  the  back  ol'  the  cylinder.  In  that  case  it 
would  break  off  the  cylinder  cover  which,  for  this  particular  reason,  was 
fastened  by  only  three  bolts,  and  after  being  blown  off,  would  strike  pieces 
specially  placefl  for  that  purpose  some  5  cm  (say  2  in.)  away.  During 
the  tests  the  flywheel  was  connected  by  a  belt  with  a  pulley  set  on  the 
main  power  shaft  of  the  shop  driven  by  a  large  motor.  Owing  to  this 
arrangement  the  engine  could  not  run  away  even  while  riuming  at  no- 
load  with  a  large  admission,  because  the  shop  shaft  was  driven  by  a  motor 
far  more  powerful  than  the  engine  under  test ;  on  the  other  hand,  with 
the  belt  thrown  off  from  the  flywheel  and  a  large  admission,  very  acceler- 
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Fig.  7     Piping  in  the  Bollinckx  Tests  for  Water  Hammer 


ated  velocities  could  be  realized.    The  piping  is  shown  in  Fig.  7. 

Three  series  of  tests  were  carried  out.  In  the  first  series  the  piping 
was  as  shown,  but  on  the  delivery  piping  a  Westinghouse  double-acting 
feed  pipe  was  branched  on.  Several  trials  at  various  degrees  of  admis- 
sion were  made,  but  no  water  hammer  action  observed.  In  the  second 
series  of  tests  a  pocket  was  made  in  the  steam  supply  piping,  having  a 
volume  of  approximately  50  liters  (13  gallons)  and  connected  with  boiler 
No.  3  (Fig.  7)  by  a  special  pipe.  At  the  time  when  this  was  done  the 
engine  ran  on  steam  supplied  from  the  two  other  boilers,  but  arrange- 
ments for  changing  the  connections  were  made  beforehand.  After  the 
engine  reached  its  normal  speed,  the  steam  gate  valve  to  boiler  No.  3  was 
suddenly  opened  so  as  to  allow  the  water  to  fill  completely  the  pocket  in 
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the  steiuii   supply   pilting.      IJiiliko   what  hapi)Ouecl  previously,   the   water, 
after  passing  through  the  cyliuder,  came  out  from  the  discharge  pipe  not 
ill  a  continuous  stream,  but  in  successive  jets.     In  a  later  test  the  steam 
gate  valve  was  opened  as  rajiidly  as  possible,  so  as  to  fill  with  water  not 
only  the  entire  steam  supply  piping,  but  also  the  cylinder  lagging.     The 
water  passed  through  the  cylinder  and  came  out  from  the  discharge  pipe 
in  spouts.    The  first  mass  of  water  was  thrown  at  a  distance  of  about  20 
meters  (G5  ft.),  and  at  the  same  time  the  discharge  piping  received  a  shock 
which  produced  a  rupture  of  one  of  the  joints  and  made  a  gap  between 
the  pipes  of  about  25  cm  (say  10  in.).    A  few  instants  later  another  mass 
of  water  was  discharged  through  the  rupture  in  the  piping.     The  engine 
was  then  stopped,  the  discharge  piping  put  in  order,  and  the  same  experi- 
ment repeated,  the  water  always  coming  out  from  the  discharge  piping  in 
successive  jets.     In  none  of  these  tests  did   any   injury   to   the  cylinder 
or  joints  occur,  and  it  was  observed  that  the  size  of  the  jets  of  water 
increased  \A'ith  the  degree  of  admission.     In  the  third  series  of  tests  it 
was   desired   to   determine   what   would   happen    in    the   case   of   cylinder 
without  lagging,  to  draw  the  conclusions  for  superheated  steam  engines. 
To  do  that,  the  piping  was  changed  in  a  manner  such  that  the  steam  sup- 
ply pipe  opened  up  direct  into  the  admission  steam  valve  chest,  and  all 
sorts  of  tests  made.     It  was  found  that  all  the  water  which  entered  the 
cylinder  of  a  steam   engine  during  admission,    ran  out   through  the  dis- 
chiirge  piping  during  exhaust,  without  causing  any  trouble,  whatever  the 
amount  of  the  water  or  load  on  the  engine  might  be.     This  applies  only 
to  the  case  when  the  exhaust  valves  are  placed  at  the  bottom  of  the  cylin- 
der.    The  fact  that  the  water  lains  out  entirely  is  due  to  the  fact  that 
the  admission  rarely  occupies  more  than  50  per  cent  of  the  stroke,  while 
the  exhaust  nearly  the  entire  stroke,  and  that  the  exhaust  valves  have 
usually  a  larger  cross  section  than  the  admission  valves.     The  difference 
of  pressure  between  the  interior  of  the  cylinder  and  the  boiler  does  not 
affect  the  above  stated  observation,  since  at  the  moment  of  the  opening  of 
the  admission  valve  it  was  insignificant.     The  following  general  conclu- 
sions as  to  the  origin  of  the  water  hammer  phenomenon  have  been  arrived 
at:    (a)    in  single-cylinder  engines  a  water  hammer  can  occur  only  when 
the  discharge  piping  has  not  been  thoroughly  blown  through  ;  the  water 
then  returns  into  the  cylinder,  especially  when  the  engine  runs  at  no-load, 
the  pressure  at  the  end  of  expansion  being  then  below  that  of  the  dis- 
charge piping.     To  avoid  water  hammer,  place  at  the  bottom  of  the  ex- 
haust discharging  into  free  air,  a  pocket  of  large  capacity  in  which  the 
water  may   accumulate,  and  make  the  same  arrangement,   by   syphon  or 
otherwise,  that  the  water  may  run  out  of  the  pocket.     That  is  what  the 
Bollinckx  Company  has  been  doing  for  25  years,     (h)   Single  cylinder  con- 
densing engines :  when  the  condenser  is  in  tandem,  the  water  can  accumu- 
late in  the  pipe  between  the  condenser  and  the  cylinder  which  acts  as  a 
pocket ;  if  no  precautions  are  taken,  it  can  then  be  sucked  up  or  driven 
into  the  cylinder  and  produce  a  hammer  shock,  such  an  accident  happen- 
ing at  starting  or  at  sudden  throwing  off  of  a  large  part  of  the  load.    The 
Bollinckx  Company  uses  a  steam  loop  continuously  to  blow  out  the  pocket 
in    this  kind   of  installations.     Usually,   however,    water   hammer   in   this 
type  of  machinery  is  due  to  defective  working  of  the  air  pump,  but  may 
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jilso  be  due  to  mistakes  on  the  pnrt  of  the  eiifiineer  who.  e.g.,  while  slow- 
ing up  the  engine  previous  to  stopjiing  it.  forgets  to  close  the  water  in- 
jection cock  to  the  condenser:  in  that  i-ase  the  outinit  of  the  pump  de- 
creases because  of  the  decrease  in  the  speed  of  the  engine  while  the  water 
delivered  to  the  condenser  is  still  the  same  as  before,  and  as  a  result, 
the  water  rises  into  the  cylinder  which,  receiving  no  steam,  acts  as  a  pump. 
Precautions:  to  take  care  of  purging  the  exhaust  piping  at  its  lowest 
point;  provide  a  float  vacuum-breaker  actuated  on  by  water  tending  to 
return  to  the  cylinder  in  a  manner  such  that  this  apparatus  should  de- 
stroy automatically  the  vacuum  in  the  exhaust  piping;  when  possible,  pro- 
vide an  apparatus  regulated  by  the  governor  and  automatically  decreasing 
the  vacuum.  It  is  a  very  useful  thing  in  all  cases  to  have  a  steam  drier 
installed  in  the  piping,  in  which  case  the  additional  advantages  will  be 
secured  of  lower  steam  consumption  and  elimination  of  washing  of  cylin- 
der walls  by  the  water  in  the  steam  and  carrying  away  the  lubricants.  A 
number  of  diagrams  is  given  in  the  original  article. 

Welding  of  Steam  Boilers  {Die  Schtceissung  von  Dampfkessehi,  H. 
Jaeger.  Zeits.  fiir  Dampfkessel  und  Maschinenhetrieb,  vol.  36,  no.  14  and 
15,  pp.  161  and  179.  4  pp..  5  figs.  pp).  In  1912  in  Prussia  occurred  three 
serious  explosions  of  water  tube  boilers  with  headers  which  have  attracted 
attention  to  the  question  as  to  tlie  safety  of  this  type  of  boilers  generally 
and  welded  seams  in  boilers  in  particular.  In  the  first  case,  in  the  central 
station  of  the  Phoenix  Company  in  Lierenfeld,  exploded  a  boiler  built  by 
the  Borsig  Company  in  1910,  412  qm.  (4408  sq.  ft.)  heating  surface  and 
15  atmospheres  working  pressure;  the  inmiediate  cause  of  the  accident 
being  rupture  of  the  flanged  plate  in  the  lower  part  of  the  header,  6.08  m 
(19.9  ft.)  wide  and  254  mm  (10  in.)  deep.  The  second  explosion  occurred 
in  the  rolling  mill  of  the  Menden  and  Schwerte  Steel  Works,  with  a  new 
(built  in  1911)  Piedboeuf  boiler  having  a  header  3,575  m  (11.7  ft.)  wide 
>by  300  mm  (11.8  in.)  deep,  the  immediate  cause  of  the  explosion  being 
the  loosening  of  the  welded  seam  of  the  header  plate  which  sprung  open 
up  to  the  corners.  In  the  third  explosion  at  the  rolling  mill  Deutscher 
Kaiser  in  Diuslaken,  a  wall  of  the  rear  header  became  loose  at  the  welded 
seam  and  rolled  up  to  the  second  row  of  staybolts.  The  boiler  was  built 
in  1897  for  a  working  pressure  of  12  atmospheres,  and  was  heated  by  ex- 
haust gases.  In  all  three  cases  the  explosions  were  quite  violent,  the 
boilers  being  thrown  at  165.  190  and  20  ft.  respectively,  and  investigation 
showed  that  there  were  other  causes  besides  possible  weakness  of  the 
welded  seam  which  in  themselves  might  have  been  sufficient  to  account 
for  the  explosion.  Thus  in  the  Borsig  boiler  explosion  it  was  found  that 
the  lower  welded  seam  of  the  header  was  exposed  to  the  direct  action  of 
the  heating  gases  owing  to  insufficient  i)rotection  by  the  boiler  setting 
which  had  been  defective  for  some  time.  In  addition,  boiler  scale  was 
washed  out  from  the  tubes  into  the  front  header  where  it  caused  imper- 
fect cooling  of  the  lower  welded  seam.  Similar  conditions  have  been 
foimd  in  the  Menden- Schwerte  exi)losion.  while  in  the  Dinslaken  accident 
it  was  found  that  the  lower  row  of  staybolts  was  unusually  far  from  the 
welded  seam  (224  mm  or  8.9  in.),  and  in  that  row  six  sta.vbolts  were 
broken  and  several  more  cracks.  Nevertheless,  both  the  Prussian  govern- 
ment and  the  manufacturers  have  organized  a  series  of  tests  to  detei'mine 
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tlic  strcni^'lli  <>r  welded  seams  generally,  as  well  as  Id  answer  llie  paiticii- 
lar  (|iiesli(Hi  as  (o  llie  desi.mi  uf  this  lyiie  (if  lioiler  arisin.u  Iroiii  (lie  data 
jjcivt'ii  by  I  hose  aeeideuts.  'llie  I'iedhoeul'  (Company  has  iiinrte  a  series  of 
tests  with  butt  welded  seams,  and  fouud  thiit  rupture  oecurred  only  at 
stresses  many  times  exceeding  those  to  which  the  seam  would  be  sub- 
jected in  l>oiler  operation.  The  fracture  showed  a  brilliant  metal  surface 
colored  here  and  there  by  oxidized  iron  slags,  the  same  as  the  siu-face  of 
fracture  of  the  exploded  boiler.  Since  all  possible  care  Was  exercised  in 
the  prepjiration  of  the  tests  seams  and  the  welded  pieces  were  sufficiently 
warm,  it  appears  that  w'ith  the  present  methods  of  work  enclosure  of  oxi- 
dized slags  cannot  be  prevented ;  and  with  thick  sheets  such  as  are  used 
in  water  tube  boilers,  the  specific  i)ressure  of  the  two  welded  surfaces 
against  eacli  other  cannot  be  made  large  enough  by  hammering  to  force 
out  from  the  .ioint  the  slags  formed  by  the  oxidizing  welding  fiame.  The 
following  questions  have  also  been  investigated:  (1)  tJic  advmihility  of 
limiting  the  width  and  depth  of  headers,  the  former  ivhen  there  are  tivo 
upper  drums.  The  use  of  two  aggregates  side  by  side  would  be  about  as 
economical  in  operation  as  one  w-ith  two  upper  drums,  while  the  handling 
of  excessively  large  headers  would  be  avoided ;  on  the  other  hand,  with 
the  present  hoisting  apparatus,   the   latter  does  not  present   any   serious 
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Fig.  8     Various  Methods  or  Boiler  Seam  Welding 


dllUcuitles,  while  two  units  would  lie  more  expensive  than  one,  and  the 
total  length  of  wielded  joints  would  be  longer  in  the  first  case  than  in 
the  second ;  there  is  therefore  no  reason  for  recommending  a  limitation 
of  the  width  of  headers.  (2)  The  advisability  of  looking  for  a  header 
design  avoiding  the  use  of  butt  wielding  entirely,  or  at  least  eliminating 
the  lower  welded  seams  of  the  headers  lying  towards  the  fire  side.  The 
following  types  were  considered:  («)  return  to  the  riveting  of  the  head- 
ers, either  by  connecting  the  side  plate  with  the  straight  walls  by  means 
of  angle  irons  (Fig.  SA),  or  (Fig.  SB),  as  in  the  Willmann  boiler,  by  rivet- 
ing together  the  front  and  rear  walls,  provide<l  for  this  jnirpose  with  broad 
flanges,  so  that  the  rivet  joint  lies  in  the  middle  of  the  flanges  serving  as 
side  plate:  (h)  by  flanging  both  walls  and  making  an  external  riveted 
seam  (Fig.  C)  ;  (c)  'by  flanging  the  fire  wall  and  butt  welding  to  it  the 
outer  wall  (Fig.  D)  ;  (d)  by  fianging  both  walls  and  autogenously  weld- 
ing them  in  the  middle  as  shown  in  Fig.  E.  The  design  shown  in  Fig.  SA 
is  not  advisable  because  it  does  not  ensure  complete  safety  of  operation, 
and  the  row  of  rivets  on  the  fire  side  forms  a  weak  place  in  the  boiler. 
The  same  applies  to  the  design  of  Fig.  B.  A  seam  such  as  shown  in  Fig. 
C  would  he  very  expensive  to  make  on  account  of  the  tall  flanges  of  the 
inner  walls,  and  in  addition  is  not  absolutely  safe  as  to  tightness,  on  ac- 
count of  there  being  only  a  single  caulking  edge.  Some  factories  now  con- 
teiiiiilate   the    adoption    of   the    design    shown    in    Fig.    D.    which    has    the 
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advantage  of  not  having  the  dangerous  inner  welding  seam.  (3)  All  ex- 
perts agreed  tliat  the  stayholts  sliouUl  be  placed  as  near  as  possible  to  the 
welded  joint,  and  not  further  than  75  mm  (3  in.)  from  the  wall.  As  to 
the  advisability  of  reinforcing  the  stayholts  and  drilling  their  ends,  opin- 
ions differ,  but  it  appears  advisable  to  do  so,  since  in  the  Dinslaken  boiler 
explosion  it  was  found  that  six  stayholts  of  the  lower  row  had  broken 
before  the  explosion,  while  several  more  started  to  crack.  (4)  The  pro- 
posal to  test  the  headers  at  a  pressure  double  tliat  of  the  operating  did 
not  meet  with  favor :  considerably  higher  stresses  are  required  to  rupture 
the  welded  seam  so  that  such  a  test  would  not  really  show  much  and  it 
is  difficult  to  make  (ditficult  to  make  the  header  watertight),  and  the 
high  pressure  may  start  cracks  in  the  header.  The  advisability  of  ham- 
mering up  the  seam  with  heavy  hammers  during  the  pressure  tests  was 
universally  recognized  as  well  as  the  possibility  of  injuring  the  seam  by 
the  use  of  too  heavy  hammers  (sledges).  Tests  will  be  made  to  determine 
this  point.  (5)  The  author  considers  the  annealing  of  the  headers  after 
the  execution  of  welding  work ;  even  though  the  boring  of  holes  and  open- 
ing in  the  header  relieves  the  metal  to  a  certain  extent  from  the  stresses 
created  by  the  welding  process,  this  is  not  complete,  and  a  certain  amount 
of  stresses  remains ;  when  annealed,  some  of  the  weaker  places  open  up, 
while  others  can  be  recognized  by  the  coloration  of  the  metal  sheet  when 
cooled. 

Mestre  System  Squirrel  Cage  Superheater  for  Tubular  Boilers  (Le 
surchauffeur  en  cage  d'^cureuil  systdme  Mestre,  pour  chaudidres  tuhulaires, 
P.  Lachasse.  Revue  industrielle,  vol.  44,  no.  9,  p.  113,  March  1,  1913.  3 
pp.,  18  figs.  d).  Descinption  of  the  Mestre  squirrel  cage  superheater  for 
tubular  boilers  (for  preliminary  notice  see  The  Journal,  May  1913,  p.  848). 
This  superheater  (Fig.  9A)  consists  essentially  of:  (a)  header  B  placed 
transversely  to  the  smoke  box,  and  divided  longitudinally  into  two  cham- 
bers, B'  and  B"' ;  (b)  six  or  seven  vertical  connectors  C  likewise  divided 
into  two  compartments  each,  to  communicate  with  the  two  chambers  of 
the  headers  respectively;  (c)  superheating  elements  D  located  in  large 
flue-tubes,  in  vertical  rows,  on  the  connectors.  Wet  steam  from  the  boil- 
ers passes  through  pipe  A  to  the  first  chamber  B'  of  the  header  B,  and  is 
distributed  from  there  to  the  front  compartments  C  of  the  connectors  C, 
and  thence  to  the  superheating  elements  D,  which  convey  the  superheated 
steam  to  the  rear  compartments  C"  of  the  connectors,  the  second  chamber 
B"'  of  the  header  and  thence  to  the  engine  cylinders  by  the  pipe  E.  The 
construction  of  the  superheating  elements  is  of  pai'ticular  interest.  Each 
consists  of  a  large  central  tube  and  eight  or  nine  small  tubes  peripherally 
disposed  around  it  in  a  definite  manner,  as  described  below.  These  out- 
side pipes  are  bent  in  the  rear  part  and  joined  to  the  large  central  tube 
by  autogenous  welding,  the  central  pipe  in  its  turn  having  a  tip  with  a 
reduced  diameter  welded  at  the  smoke  stack  end.  The  ends  of  the  outside 
pipes  are  welded  to  the  central  pipe  in  three  or  four  different  planes  in 
groups  of  two  or  three  pipes  and  according  to  their  number,  each  group 
consisting  of  two  opposite  welds  or  three  at  120  deg.  to  each  other.  To 
permit  the  small  tubes  to  follow  the  variations  in  length  due  to  the  in- 
equality of  their  expansion  as  compared  with  that  of  the  central  tube, 
they  ai-e  made  either  wave  shaped   (Fig.  9G)   or  helical   (Fig.  E). 
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The  outside  pipes  are  kept  at  a  constant  distance  from  the  central  tube 
by  means  of  three  groups  of  three  to  four  stays,  each  stay  connecting  with 
the  central  pip6  either  two  opposite  outside  pipes,  or  three  outside  pipes 
at  120  deg.  to  one  another.  The  steam  passes  through  the  central  tube 
going  one  way  and  returns  through  the  outside  tubes. 

The  advantages  of  the  squirrel  cage  superheater  are  said  to  lie  in  the 


Fig.  9     Mestre  Squirrel  Cage  Superheater 


convenient  distribution  of  the  metal  in  the  mass  of  gases  passing  through 
the  respective  flue.  The  wave  or  helical  shape  of  the  outside  pipes  pro- 
duces an  effective  mixing  of  the  gases  which  helps  the  exchange  of  heat 
between  the  gas  and  steam  without  Impeding  the  draft  in  the  flue,  the 
latter  being  due  to  approiiriate  selection  of  the  dimensions  of  the  pipes. 
Tests.     Four  of  these  superheaters  have  been  installed  by  the  Eastern 
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Railroad  Company  (France),  three  on  liigh-speed,  and  one  on  a  suburban 
locomotive.  In  the  case  of  the  first  kind,  the  temperature  of  superheat, 
1.7  km  (say  1  mile)  after  starting,  reached  270  deg.  cent.  (518  deg.  fahr.), 
while  under  the  same  conditions  it  used  to  reach  only  225  deg.  cent.  (437 
deg.  fahr.)  with  a  Schmidt  superheater  (the  locomotive  was  of  the  4-6-0, 
compound,  four  cylinder  type).  The  tests  with  the  suburban  locomotive 
have  shown,  that  contrary  to  the  general  belief,  superheating,  when  used 
with  this  kind  of  apparatus,  may  be  eflicient  for  service  with  frequent 
stops.  This  is  due  mainly  to  the  great  sensitiveness  of  the  squirrel  cage 
superheater,  the  pyrometer  needle  showing  marked  rise  of  temperature 
15  seconds  after  the  opening  of  the  throttle,  so  that,  with  two  stations 
1200  m  (0,75  miles)  distant  from  one  another,  the  temperature  fell  to  290 
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Fig.   10     Heine  Combined  Centrifugal  and  Baffle  Separator 


deg.  cent.  (554  deg.  fahr.)  during  a  45-seconds  stop  at  the  first  station,  but 
rose  to  342  deg.  cent.  (645.8  deg.  fahr.)  by  the  time  the  throttle  was  closed 
at  the  entrance  to  the  second  station.  The  Schmidt  superheater  gave, 
under  the  same  conditions,  from  40  to  50  deg.  cent.  (72  to  90  deg.  fahr.) 
less  superheat.  There  have  been  no  breaks  or  leaks  in  the  .ioint  with  the 
squirrel  cage  superheaters.  No  complete  data  of  tests  are  given  in  the 
original  article. 

Heine  Separators  {Die  Hcine-Ahscheider,  Dcr  praktlsche  Maschinen- 
Konstrulctevr,  vol.  46,  no.  9,  p.  14  (Triebwerke),  April  24,  1913.  1  p.,  6 
figs.  (Z).  Description  of  the  Heine  separators  which  are  combined  centri- 
fugal and  baffle  separatorfi.  The  gas  to  be  cleaned  is  carried  around  one 
or  more  times  in  circles,  and  deposits  its  liquid  constituents  on  blades  of 
special  shape  provided  for  this  purpose.  A  schematic  view  of  this  separa- 
tor is  shown  in  Fig.  lOA.  Fig.  B  showing  it  as  applied  to  oil  separation 
from  steam.  This  is  used  also  for  drijlnij  nteam,  or  eliminating  from  it 
water  particles.  Similar  a))paratus  are  constructed  for  oil  sepai-ation  from 
comjtressed  air  handled  by  piston  compressors.  The  original  article  cou- 
t.-iins  t;i])l<'s  giving  data  as  to  dimensions  and  weights  of  various  kinds 
of  such  sei)aralors. 


roui<;ir-N  review 


1065 


Mkasukement  of  Water  in  Factohip:s  to  Determine  the  Self-Cost  of 
Steam  or  to  Test  the  Boilers  (Mesure  de  Veau  dans  les  usincs  pour  determiner 
Ic  prix  de  revient  de  la  vapeur  ou  pour  les  essais  de  chaudihes,  J.  Izart.  La  Tech- 
nique moderne,  vol.  6,  no.  8,  p.  314,  April  15,  1913.  1|  pp.,  8  figs.  d).  De- 
.scription  of  various  devices  for  measuring  the  feed  water  of  boilers.  The  author 
rejects  absolutely  all  closed  water  meters,  both  speed  meters  (meters  with  blades) 
and  volumetric  (piston  meters,  etc.),  although  he  considers  the  latter  somewhat 
more  reliable.  Only  the  open  meter  of  the  tipping  type  should  be  used,  as  they 
are  simple  in  operation,  easy  to  check,  and  rehable.  The  Degrcmont  meter 
(Fig.  UA)  consists  essentially  of  a  drum  1  divided  into  three  chambers,  rotatable 
about  an  axis,  and  making  one  piece  with  a  three-branch  star-shaped  body  2. 
Referring  to  the  figure,  the  chamber  to  the  left  of  the  drum  is  being  filled,  the 
drum  being  held  in  position  by  the  roll  3  and  set  screw  (not  shown).  The  roll  3 
is  at  the  end  of  a  lever  with  a  counterweight  rotatable  about  an  axis;  when  the 
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Fig.   11     Boiler  Feedwatek  Meters 


amount  of  water  in  a  compartment  reaches  a  certain  predetermined  weight,  the 
ray  of  the  star  makes  the  lever  tilt  by  lifting  the  counterweight,  in  consequence 
of  which  the  drum,  no  longer  kept  in  place  by  the  set  screw,  starts  to  rotate, 
pours  out  the  water  from  one  compartment,  and  offers  the  next  to  the  stream 
of  water  pouring  in,  thus  recommencing  the  entire  operation.  While  the  drum 
is  tilting,  the  orifice  of  the  pipe  admitting  the  water  is  closed  by  a  special  stopper. 
The  Hans  Reisert  drum  meter  (Fig.  IIB  and  C)  consists  essentially  of  a  series 
of  troughs  rotating  about  a  central  axis  through  which  water  is  admitted;  in 
filling  successively,  these  troughs  cause  the  rotation  of  the  drum,  a  special  device 
recording  the  number  of  revolutions;  as  it  is  the  weight  of  the  water  that  causes 
the  troughs  to  rotate,  the  meter  actually  records  the  weight  of  the  water.  In 
B  water  from  6  is  flowing  out,  1  is  full  and  the  overflow  is  filling  2  which,  in  filling 
while  6  is  emptying,  causes  the  drum  to  rotate  in  the  direction  of  the  arrow. 
In  Fig.  C  is  shown  a  moment  of  equilibrium:  the  internal  and  external  edges  of 
the  trough  1  pass  through  the  same  horizontal  fine  ah,  and  no  water  flows  out; 
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but  since  the  trough  3  continues  to  fill,  a  moment  will  soon  come  when  the  outer 
edge  will  be  below  the  inner  one,  and  1  will  begin  to  empty. 

The  Leitner  meter  is  shown  in  Fig.  IID:  it  consists  of  two  tanks  Ai  and  A2  of 
equal  size,  and  arranged  so  that  they  can  tilt  over  the  knife  edge  e;  one  of  the 
walls  of  each  tank  is  provided  with  a  syphon  a  and  the  opposite  wall  with  a 
counterweight  b  of  such  weight  as  to  balance  a  weight  of  water  corresponding 
to  the  height  of  level  h.  As  soon  as  the  water  exceeds  this  level  the  tank  tilts 
and  the  syphon  empties  the  water,  while  a  special  device  records  the  number  of 
tilts.  To  this  same  class  of  meters,  the  Wilcox  meter,  fully  described  in  the 
article,  also  belongs. 

Strength  of  Materials  and  Materials  of  Construction 

Experiments  on  Rusting  op  Iron  in  Mortar  and  Brickwork  {Versuche 
uber  das  Rosten  von  Eisen  in  Mortel  und  Mauerwerk,  Ausschuss  fur  Eisenbeton, 
vol.  22,  Berlin,  1913,  through  Dinglers  -polytechnisches  Journal,  vol.  328,  no.  16, 
p.  253,  April  19,  1913.  |  p.  e).  Resume  of  the  tests  made  at  the  Laboratory 
for  Testing  Materials  at  Gross-Lichterfelde-West,  1907  to  1913,  under  the  direc- 
tion of  Professor  Gary.  Portland  cement  mortar,  slag  portland  cement  mortar, 
common  mortar,  and  plaster  were  the  materials  used;  reinforcing  elements  were 
of  flat  iron,  5.07  cm  in  section  (probably  5.07  qcm,  or  0.77  sq.  in.),  and  round 
iron,  3.5  cm  (1.38  in.)  and  1.0  cm  (0.38  in.)  in  diameter,  set  so  that  pieces  stuck 
out  of  the  mortar,  for  the  grips  in  sliding  resistance  tests.  The  test-pieces  were 
4,  2  and  5  years  old,  and  had  been  kept  in  free  air,  sweet  water,  alternately  air 
and  sweet  water,  sea  water,  bog  water  and  moist  sand.  The  pieces  in  common 
and  plaster  niortar  showed  weathering  even  at  the  beginning  of  the  tests.  In 
all  cases  rusting  began  at  the  iron  ends  sticking  out  of  the  mortar,  which  must 
be  remembered  in  considering  these  test  data,  since  in  usual  reinforced  concrete 
constructions  the  iron  is  fully  embedded  in  concrete.  The  iron  elements  were 
either  clear  of  skin  due  to  rolling,  or  rusted,  coated  by  red  lead,  tar  or  zinc.  The 
iron  pieces  free  from  all  covering  have  suffered  most  from  rusting,  while  a  coat 
of  red  lead  proved  to  be  the  best  form  of  protection ;  the  sliding  resistance  of  the 
red  lead  coated  iron  elements  proved  to  be  slight  at  fii'st,  but  increased  with 
time.  Sea  water  did  not  appear  to  attack  iron  in  mortar,  probably  because 
protection  was  afforded  by  the  formation  of  a  porous  covering  through  displace- 
ment of  lime  in  the  mortar  by  magnesia  from  sea  water.  The  original  contains 
a  full  description  of  the  testing  apparatus  and  methods,  as  well  as  complete  data 
of  tests,  mostly  in  tabular  form. 

See  also  Mechanics  for  Article  on  Young's  Modulus. 

Thermodynamics 

New  Tables  and  Diagrams  for  Sulphurous  Acid  {Neue  TabcUen  und 
Diagramme  fur  schwcflige  Sdure,  Dr.  Hybl.  Zeils.  fur  die  gesamte  Kdlie-Industrie, 
vol.  20,  no.  4,  p.  65,  April  1913.  6  pp.,  10  figs.  tA).  From  the  Callendar  equa- 
tion the  author  derived  the  following  simple  equation  of  state  for  sulphurous 
acid : 

,     13.24^               /273\4 
^  -^'  =  -7-  -0016  \-^\ [1] 

where  v'  is  the  specific  volume  of  the  liquid,  within  the  range  used  in  refrigerating 
engineering  treated  as  a  constant  equal  to  z;' =0.0007.  The  same  can  be  ex- 
pressedjnother  ways,  e.  g.,  in  the  form  of  the  Tumlirz  equation,  such  as 
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13.24T 
v=-— 0.01 


.[2] 


or  or  that  of  van  der  Waals: 


13.247'      61 


[3] 


i; -0.006     v"^ 

The  Tumlirz  form  has  a  very  limited  range  of  application,  because,  although 
good  for  saturated  vapor,  it  gives  too  small  specific  volume  values  for  super- 
heated vapor,  which  is  due  to  the  constant  used  in  the  equation  being  too  large. 
The  van  der  Waals  equation  gives  values  which  agi-ee  with  the  latest  experi- 
mental data,  but  is  not  convenient  for  practical  use  because  it  contains  the 
expression  for  the  specific  volume  in  the  third  power. 

For  the  functional  relation  of  pressure,  temperature  and  specific  volume  for 


TABLE  1  COMPARISON  OF  VALUES  OBTAINED  FROM  VARIOUS  EQUATIONS  FOR 
VOLUME  OF  SATURATED  SULPHUROUS  ACID  VAPOR  WITH  EXPERI- 
MENTAL  VALUES 


Equations 

Tempera- 

Pressure, 
kg/qcm 

MoUier 

Cailletet 

ture, 

Zeuner 

Deg.  Cent. 

[1] 

[2] 

[3] 

-30 

0.392 

0.795 

0.811 

0.808 

0.822 

0.794 

-20 

0.657 

0.488 

0.500 

0.497 

0.513 

0.503 

-10 

1.039 

0.317 

0.325 

0.322 

0.330 

0.329 

0 

1.578 

0.213 

0.219 

0.216 

0.213 

0.223 

0.221 

10 

2.321 

0.148 

0.151 

0.150 

0.148 

0.152 

0.152 

20 

3.320 

0.105 

0.107 

0.106 

0.106 

0.107 

0.107 

30 

4.635 

0.076 

0.077 

0.076 

0.077 

0.076 

0.076 

40 

6.335 

0.056 

0.056 

0.056 

0.57 

0.055 

0.055 

saturated  steam  the  author  uses  the  values  of  Cailletet  and  Mathias,  with  the 
last  decimal  changed,  and  compares  the  values  obtained  from  the  three  above 
equations  with  those  in  the  steam  tables  of  Zeuner,  Cailletet  and  Mathias,  and 
Mollier  (Table  1).  At  temperatures  above  0  deg.  cent,  the  specific  volumes  of 
MolUer  are  larger,  at  temperatures  below  0  deg.  smaller  than  those  of  equation 
[Ij;  all  the  other  values  show  the  same  behavior,  viz.,  first  increase  with  increasing 
temperature,  and  then  fall  with  decreasing. 

Next  comes  the  behavior  of  superheated  sulphurous  acid  vapor,  for  which, 
with  <  =  100  deg.  cent,  as  a  basis,  the  specific  volumes  indicated  in  Table  2  arc 
obtained  from  the  three  equations,  the  Tumlirz  equation  [2]  giving  the  smallest 
values,  while  [1]  and  [3]  give  practically  identical  values,  the  differences  in  the 
practically  exploited  region  of  temperatures  both  for  the  saturated  and  super- 
heated vapor  being  less  than  one  per  cent  either  way. 

From  equation  of  state  [1]  and  the  general  heat  equation  di  =  Tds+Adp,  the 
following  equations  are  derived: 


Total  heat  content:  i=c"<- 1.878- 10"^ 


/273Y 

[tJ 


P+lM-lO-^P+y 
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Entropy:  S  =  c;,  In  7'-0.03108  In  P-LS-IO"^ 


yrJT 


Specific  heat  at  constant  pressure:  Cp=Cp+7.51'10 

where  c",  is  the  hmiting  value  of  specific  heat.  According  to  the  latest  determina- 
tions it  increases  somewhat  with  temperature,  but  so  little  that  for  aU  practical 
purposes  it  may  be  assumed  to  be  constant  and  equal  to  0.32.  The  last  equation 
indicates  that  the  specific  heat  Cp  increases  with  pressure,  but  decreases  when 
the  temperature  increases,  which  fully  agrees  with  the  latest  experimental  deter- 
minations. The  values  of  x  and  y  are  determined  in  the  usual  manner  from  an 
equation  showing  the  law  of  variation  of  the  specific  heat  of  the  liquid,  in  this 
case  the  Cailletet  equation:  c=0.32+0.001172i,  by  determining  the  total  hea 


TABLE  2 


COMPARISON  OF  VALUES  OBTAINED  FROM  VARIOUS  SOURCES  FOR 
VOLUME  OF  SUPERHEATED  SULPHUROUS  ACID  VAPOR 


Equations 

Pressure, 

kg/qcm 

[1] 

[2] 

131 

1 

0.489 

0.484 

0.488 

2 

0.242 

0.237 

0.241 

3 

0.159 

0.155 

0.158 

4 

0.119 

0.115 

0.118 

5 

0.093 

0.089 

0.092 

6 

0.077 

0.072 

0.076 

7 

0.065 

0.061 

0.064 

8 

0.056 

0.052 

0.055 

content  and  entropy  for  some  two  pressures,  and  solving  the  equations  so  ob- 
tained for  X  and  y.  It  is  found  that  as  the  temperature  rises,  x  increases  and  y 
decreases;  y  in  the  expression  for  the  heat  content  decreases  also  with  the  in- 
crease of  pressure. 

From  the  total  heat  content  is  derived  the  heat  of  evaporation:  r  =  i  —  q.  The 
external  heat  of  evaporation  can  be  derived  either  from  equation  \p=AP  {v—v'), 
or  from  the  equation  of  state: 


AP{v-v')  =0.03108  T-3.75  •  lO-^P 


(f)' 


and  the  inner  heat  of  evaporation  from  equation 

p=r—AP  {v—v') 
In  Fig.  12  are  drawn  the  curves  of  heat  of  evaporation  according  to  Cailletet, 
Zeuner,  Mollier  and  equation  [1],  showing  that  at  low  pressures  the  Zeuner  and 
Cailletet  values  are  the  largest,  and  at  high  pressures  the  smallest,  while  the 
values  from  equation  [1]  lie  between  them  and  the  Mollier  values  nearly  through- 
out. On  the  basis  of  his  new  steam  tables  the  author  has  conslructed  a  heat 
entropy  diagram  TS  for  sulphurous  acid,  in  connection  with  which  cp.  Table  3. 
In  that  (liagi'ani  the  curves  of  constant  temp(>rature  ;ire  represented  by  straight 
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lines  parallel  to  the  axis  of  entropy.  The  curves  of  constant  entropy  (adiabatic 
curves)  are  represented  by  straight  lines  parallel  to  the  axis  of  temperatures; 
the  curve  of  constant  pressure  within  the  region  of  wet  vapor  by  straight  Unes 
parallel  to  the  axis  of  entropy,  which  could  be  done  because,  at  constant  pres- 
sure, the  variation  of  state  is  identical  with  that  of  temperature.  Within  the 
region  of  superheat,  however,  they  are  logarithmic  curves,  because  at  constant 
pressure  the  amount  of  heat  brought  in  is  dQ=CpdT,  and  consequently  the  in- 
crease of  entropy,  at  constant  pressure  and  assumed  average  constant  specific 
heat  c„,  is  for  variable  superheat,  between  the  initial  and  final  state: 

*dQ  C^^dT        ,     T, 

—  r.^\        —  =r.Ar\  — 

T 


T   ^ 


These  curves  are  drawn  smooth.    The  curves  for  constant  total  heat  i  are  drawn 
in  broken  line,  while  the  curves  for  constant  specific  volume  v  are  dotted.    In  the 
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Fig.  12     Heat  op  Evaporation  Curves  for  Sulphurous  Acid 


region  of  wet  vapor  the  specific  volume  for  various  pressures  may  be  derived 
from  the  equation  v=v'-\-xw,  and  then  the  entropy  from 

T 

In  the  region  of  superheat  recourse  must  be  had  to  the  equation  of  state  for 
superheated  vapor,  from  which,  for  various  pressm-es,  first  the  temperatures  Ti 
and  then  the  entropies  are  calculated. 

The  curves  for  constant  specific  quantity  of  steam  x  are  obtained  by  calculating 
from  equation 

-1    X 

the  entropy  for  various  pressures,  but  the  same  amounts  of  steam.  The  con- 
struction of  these  curves  is  simple:  all  that  is  required  is  to  divide  into  equal 
ratios  the  sections  r/T. 

In  conclusion  the  author  gives  two  examples  showing  the  use  of  this  entropy 
diagram. 

Miscellanea 

Profit  Sharing  {La  -parlici-pation  aux  benefices,  M.  Bellom.  La  Technique 
modeme,  vol.  6,  no.  9,  p.  329,  May  1,  1913.  5|  pp.  cd).  Brief  description  and 
analysis  of  various  methods  of  profit  sharing  in  modem  industrial  establishments, 
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with  reference  mainly  to  the  practice  of  Continental  Europe.  The  material  is 
taken  from  the  most  part  from  the  pubhcations  of  the  French  Society  for  the 
Practical  Study  of  Profit  Sharing  by  Employees. 

Reply  to  a  Criticism  of  the  Taylor  Sysyem  {Reponse  a  une  critique  du 
systbme  Taylor,  H.  Le  Chatelier.  Le  Genie  Civil,  vol.  62,  no.  26,  p.  514,  April  26, 
1913.  1  p.  c).  The  author,  a  well-known  metallm-gist  and  member  of  the 
French  Academy  of  Sciences,  disagrees  with  Admiral  J.  Edwards'  criticism  of 
the  Taylor  system.  To  the  objection  that  the  installation  of  the  Taylor  system 
is  costly,  he  replies  that  a  modern  battleship  is  more  costly  than  a  pirogue  of  a 
savage,  and  still  battleships  and  not  dug-outs  are  built.  The  Taylor  system  is 
costly,  but  its  advantages  are  great.  In  the  admiral's  statement  that  "in  naval 
arsenals  quaUty  and  not  quantity  must  be  the  main  standard  of  production," 
he  sees  a  contempt  of  the  problem  of  cost  common  to  government  officials  in  all 
countries,  a  point  of  view  which  can  be  approved  neither  with  regard  to  the  tax- 
payer's rights,  nor  that  of  military  efficiency.  With  the  same  amount  of  money, 
and  a  reduction  of  cost  of  10  per  cent,  eleven  battleships  can  be  built  where  only 
ten  were  possible  without  the  reduction.  The  Taylor  system  does  not  lower  the 
quality  of  production,  since  a  better  organization  is  conducive  both  to  improve- 
ment in  quality  and  increase  of  volume  of  production.  In  France  the  shops 
which  have  adopted  the  Taylor  system  are  unquestionably  in  the  first  rank  as 
far  as  the  quaUty  of  their  products  is  concerned.  The  next  objection  to  the 
Taylor  system  is  that  with  its  introduction  salaries  do  not  increase  as  rapidly  as 
production.  The  author  says  that  there  is  no  leason  why  they  should;  no  extra 
efforts  or  longer  hours  are  demanded  from  the  workmen,  and  in  addition  the 
costly  organization  connected  with  the  introduction  of  the  system  has  to  be  paid 
for;  the  25  to  75  per  cent  increase  of  salaries  which  usually  follows  the  introduc- 
tion of  the  new  system  is  really  more  than  what  the  workmen  are  entitled  to. 
The  author  also  fails  to  see  the  force  of  Admiral  Edwards'  objection  shared  by 
him  with  some  labor  leaders  as  to  the  use  of  the  stop-watch.  No  workman 
objects  to  being  timed  by  a  stop-watch  when  running  a  race  or  in  a  bicycle  com- 
petition, so  why  should  he  do  so  when  at  work?  The  Admiral  says  further  that 
the  Taylor  system  involves  such  a  strain  on  the  part  of  the  workman  as  to  be 
harmful  to  his  health.  If  it  does,  that  only  means  that  the  system  appUed  has 
nothing  to  do  with  Taylor  whose  system  has  for  its  object  to  increase  the  pro- 
duction without  increasing  the  effort  on  the  part  of  the  workman.  That  some 
workmen  may  overwork  under  the  Taj'lor  system,  just  as  they  do  now,  is  pos- 
sible, but  has  nothing  to  do  with  the  principles  of  scientific  management,  except 
in  showing  their  unsatisfactory  application.  Can  one  deny  that  Mr.  Gilbreth 
with  his  arrangement  of  placing  bricks  on  movable  scaffolds,  so  as  to  dispense 
with  the  constant  stooping  of  the  workman  to  pick  up  bricks,  lessens  his  effort? 
There  are,  however,  two  difficulties  in  connection  with  the  Taylor  system 
which  the  author  recognizes :  (a)  to  have  in  the  shops  the  perfect  discipline  essen- 
tial to  the  operation  of  this  system.  In  ordinary  shop  management  some  lack 
of  discipline  is  not  as  important  as  in  an  organization  where  a  large  outlay  is 
made  for  planning,  and  will  become  a  dead  expense  unless  this  planning  is  fol- 
lowed out;  and  (6)  to  find  men  willing  and  able  to  carry  this  system  into  practice, 
engineers  with  a  scientific  spirit,  knowledge  of  both  the  theory  of  their  trade  and 
the  practice  of  the  manual  operations  by  which  it  is  carried  on,  and  at  the  same 
time  with  that  knowledge  of  the  psychology  of  the  workman  which  would  allow 
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them  to  get  the  men's  confidence  in  the  first  ten  words  of  a  conversation.  The 
technical  schools  give  a  training  diametrically  opposite  to  those  requirements, 
by  laying  the  main  emphasis  on  scientific  methods  and  by  but  little  appreciating 
the  value  of  actual  industrial  processes. 

Improved  Vacuum  Gage  in  Technically  Applicable  Form  (Ein  verbesserles 
Kompressionsvakuummeter  in  technisch  brauchbarer  Ausjuhrung,  B.  Thieme. 
Elektrotechnische  Zeiischrift,  vol.  34,  no.  17,  p.  469,  April  24,  1913.  1  p.,  5  figs. 
d).  Description  of  the  MacLeod  vacuum  gage  as  improved  by  Reiff  for  the 
measurement  of  high  vacua  such  as  occur  in  incandescent  lamps.  The  technical 
appHcability  of  the  apparatus  lies  in  the  fact  that,  although  nearly  4  ft.  long,  it 
has  no  movable  glass  parts,  and  can  therefore  be  handled  with  comparative  ease. 

Supplementary  References 

Stresses  Produced  in  Materials  by  Riveting  (The  Journal,  February 
1913,  p.  339).  Cp.  also  The  Compressive  Forces  Required  to  Form  Rivet 
Heads,  by  Earl  D.  Hay  and  Wm.  L.  Edwards  in  The  Rose  Technic,  March 
1913,  p.  173. 

Tests  of  Autogenous  Welding  (The  Journal,  December  1912,  p.  2090). 
Eor  another  account  of  the  same  series  of  tests  see  Essais  sur  Jes  soudures 
auioffciies  in  Revue  de  M(''taUiirgie,  vol.  10,  no.  3,  P.  (Extraits)  78,  March 
1913,  abstracted  from  Bulletin  de  V Association  Lyonnaise  des  proprietaircs 
d'appareils  a  vapeur,  XXXV,  37. 

Rincker-Wolter  Gas  Producers  (The  Journal.  November  1912,  p. 
1S81).  Cp;  Carbureting  iviih  Tar,  The  American  Gas  Light  Journal,  vol. 
98.  no.  13,  p.  201,  March  31,  191.3. 

Oddie-Simplex  Pumps  (The  Journal,  May  1913.  p.  902).  For  descrip- 
tion of  same  cp.  Revue  industrielle,  vol.  44,  no.  2081/16,  p.  217,  April  19, 
1913. 

On  the  Realization  of  High  Angular  Speeds  (The  Journal,  March 
and  May  1913,  pp.  533  and  893).  Cp.  paper  by  the  same  author.  M.  Le- 
blanc,  Machines  rotatives  a  trcs  grande  vitesse  in  M^moires  de  la  Soci6tc 
des  Inghiicurs  Civils  de  France,  Februaiy  1913,  p.  171. 

The  Equivalent  Opening  of  a  Ventilating  System  (The  Journal,  April 
1913,  p.  692).  Cp.  an  abstract  of  the  same  article  in  The  Engineering  Re- 
vieic  (London),  vol.  26,  no.  10,  p.  366,  April  15,  1913.  This  abstract  con- 
tains the  curves  of  fan  efficiencies  omitted  in  the  abstract  in  The  Journal. 

Storage  of  Inflammable  Liquids,  Martini  and  HDneke  System  (The 
Journal,  February  1912,  p.  294).  Full  description  of  this  system  in 
Braiinkohlc,  vol.  12,  no.  3,  p.  35,  April  18,  1913. 


MEETINGS 

BOSTON    MEETING,   APRIL   25 

A  meeting  of  the  Boston  Society  of  Civil  Engineers,  the  American  Insti- 
tnto  of  Electrical  Engineers,  and  of  The  American  Society  of  Mechanical 
Engineers,  under  the  auspices  of  the  Institute,  was  held  in  the  Lowell 
Building  of  the  Massachusetts  Institute  of  Technology,  on  Friday  evening. 
April  25.  A  paper  on  the  Delivery  and  Handling  of  Freight  at  the  Boston 
Freight  Terminals,  hy  Dr.  Harold  Pender.  II.  F.  Thompson  and  C.  P. 
Eldred,  was  presented.  This  paper  is  based  on  a  series  of  studies  of  the 
conditions  prevailing  at  the  local  freight  terminals,  with  reference  to  i)os- 
sible  improvements.  A  number  of  slides  were  presented  showing  the  dis- 
tribution of  business  throughout  the  day.  bringing  out  strikingly  the 
pronounced  "peaks,"  at  inbound  houses  in  the  morning  and  outbound 
houses  in  the  later  afternoon,  and  illustrating  the  resulting  congestion. 
The  movement  of  teams  of  various  classes  was  analyzed  with  respect  to 
time  spent  in  yards,  at  warehouses  and  on  the  street,  and  the  proportion 
of  time  in  the  yard  spent  in  various  ways,  such  as  inquiry,  searching, 
loading,  etc.,  was  investigated.  The  increased  efficiency  obtained  by  cer- 
tain changes  introduced  as  a  result  of  these  studies  was  also  shown. 

A  number  of  railroad  men  were  present  at  the  meeting  and  an  animated 
discussion  followed  the  presentation  of  the  paper. 

CHICAGO    MEETING 

The  members  of  the  Chicago  Section  held  a  meeting  at  the  City  Club 
on  May  7.  A  dinner  preceded  the  business  meeting,  at  which  about  77 
members  and  guests  were  in  attendance.  P.  M.  Chamberlain,  chairman, 
called  the  meeting  to  order,  announcing  that  its  purpose  was  a  better 
mutual  acquaintanceship  among  the  membership,  the  social  features  being 
more  in  evidence  than  at  previous  gatherings.  A  committee  to  care  for 
the  work  of  the  coming  season  was  elected,  consisting  of  P.  P.  Bird.  C.  R. 
I'.irdsey.  Wm.  B.  Jackson,  A.  W.  Moseley  and  C.  W.  Naylor. 

The  chairman  then  introduced  Captain  Robert  W.  Hunt,  Past-President 
of  the  Society,  who  talked  on  the  Society's  Foiniders.  He  dwelt  most 
entertainingly  on  the  early  years  of  the  Society's  life  and  told  about  the 
men  who  had  to  do  with  its  organization,  relating  many  interesting  Inci- 
dents in  connection  with  its  formation.  Captain  Hunt's  personal  ac- 
quaintance with  all  of  those  who  were  active  in  the  Society's  affairs  dur- 
ing its  first  years  gave  bis  remarks  a  personal  quality  which  added  to 
their  interest. 

The  next  speaker,  Philetus  W.  Gates,  president  of  the  Hanna  Engineer- 
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iug  Works,  and  a  former  vice-president  of  the  Society,  told,  under  the  title 
of  Early  Machine  Shops  of  Chicago,  of  the  experiences  of  his  father  and 
himself  in  the  early  days  of  machine  shop  practice  in  that  city.  His  father 
started  the  first  machine  shop  there  and  Mr.  Gates'  remarks  were  en- 
hanced by  personal  experience  with  conditions. 

George  M.  Brill,  a  former  vice-president  of  the  Society,  then  gave  an 
account  of  a  trip  to  Brazil  which  he  had  recently  made,  describing  the 
immense  natural  resources  of  South  America  and  the  cities  which  he  had 
visited. 

STUDENT  BRANCHES 

COLUMBIA    UNIVERSITY 

The  annual  business  meeting  for  the  election  of  officers  of  the  Mechan- 
ical Engineering  Society  of  Columbia  University  was  held  May  9  and  the 
following  were  elected:  Frank  B.  Schmidt,  chairman;  William  Harvey, 
vice-chairman ;  W.  L.  Garrison,  treasurer ;  Harold  F.  Allen,  secretary. 

MASSACHUSETTS   INSTITUTE   OF   TECHNOLOGY 

On  April  13  the  Mechanical  Engineering  Society  of  Massachusetts  Insti- 
tute of  Technology  held  their  annual  banquet  at  the  Boston  City  Club. 
The  officers  elected  for  the  coming  year  were  as  follows:  W.  H.  Treat, 
chairman ;  W.  E.  Lucas,  vice-chairman ;  L.  L.  Downing,  secretaiT ;  F.  P. 
Karns,  treasurer,  and  R.  L.  Parsell,  F.  G.  Burinton,  W.  H.  Wilkins,  gov- 
erning committee.  The  rest  of  the  evening  was  given  over  to  a  general 
jollification. 

On  April  25  J.  F.  D.  McDonald  of  the  International  Engineering  Com- 
pany addressed  the  society  on  Modern  Boiler  Making  Practice.  His  lectui'e 
was  illustrated  with  lantern  slides. 

On  May  3  Charles  T.  Main,  Mem.Am.Soc.M.E.,  spoke  on  The  New  Power 
Plant  of  the  Pacific  Mills  at  Lawrence,  Mass. 

On  May  5  Frank  W.  Reynolds,  Mem.Am.Soc.M.E.,  spoke  on  the  subject 
of  The  Modern  Cotton  Mill.  The  lecture  was  illustrated  with  many  lantern 
slides. 

F.  B.  Perry,  Mem.Am.Soc.M.E.,  spoke  on  The  Individual  Drive,  on  May 
9.  The  use  of  over  one  hundred  lantern  slides  and  Mr.  Perry's  long  expe- 
rience in  the  mill  department  of  the  General  Electric  Company  made  the 
lecture  a  particularly  valuable  one. 

OHIO    STATE    UNIVERSITY 

The  cause  of  education  has  'been  advanced  by  the  magnificent  way  in 
which  the  students  of  the  Ohio  State  University  met  the  emergency  con- 
ditions during  the  recent  flood.  Both  public  and  private  acknowledgments 
have  been  received,  and  laboratory  proof  furnished  that  public  education 
is  a  good  investment  for  the  state,  by  the  intelligence,  leadership  and  effi- 
ciency displayed  b.v  the  men  students  in  building  boats,  rescuing  people 
from  second-story  windows,  transporting  food,  clothing  and  medicines, 
rescuing  property,  shoveling  mud  after  the  subsidence  of  the  water  and 
putting  life,  good  cheer,  and  hopefulness  and  spirit  into  many  people. 
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PENNSYLVANIA   STATE    COLLEGE 

The  motive  power  section  of  ttie  Pennsylvania  State  College  Student 
Branch  was  addressed  by  C.  E.  Barba,  assistant  engineer  for  the  Pennsyl- 
vania Railroad,  on  April  18.  The  subject  was  Railroad  Wrecks,  their 
Causes  and  Prevention.  The  speaker  is  in  charge  of  the  design  of  rolling 
stock  for  the  Pennsylvania  Railroad  at  Altoona,  Pa.,  and  he  has  for  many 
years  made  a  study  of  this  subject  with  the  idea  of  correcting  car  and 
truck  design  to  prevent  accidents.  He  thought  the  matter  of  car  inspec- 
tion quite  as  important  as  the  design  in  the  prevention  of  wrecks. 

John  Calder,  Mem.Am.Soc.M.E.,  addressed  the  faculty  and  students  on 
April  28,  at  both  a  morning  and  afternoon  session,  on  the  subject  of  Busi- 
ness Organization. 

At  a  meeting  held  May  6  the  following  officers  were  chosen  for  the  com- 
ing year:  H.  L.  Swift,  chairman;  C.  F.  Kennedy,  vice-chairman;  Homer 
L.  Hughes,  secretary;  R.  B.  Rudy,  treasurer.  Following  the  election  pa- 
pers on  the  Diesel  Engine  by  A.  L.  Foell,  and  on  Steam  Turbines  by  H.  L. 
Hughes,  were  read.  Each  discussed  the  cost  of  installation  and  operation 
of  the  respective  prime  movers  as  compared  with  other  machines  of  the 
same  class. 

UNIVERSITY   OF    CINCINNATI 

On  April  18,  Parker  H.  Kemble,  Mem.Am.Soc.M.E.,  delivered  an  illus- 
trated lecture  on  The  Development  of  the  Automobile  from  1600  to  1896. 
His  lecture  was  splendidly  illustrated  with  a  very  complete  set  of  lantern 
slides. 

UNIVERSITY   OF    ILLINOIS 

At  a  meeting  of  the  Student  Branch  of  the  Univei'sity  of  Illinois  on 
April  18,  Mr.  Dumonosque,  of  the  mechanical  engineering  department  of 
the  university,  gave  a  paper  on  the  Production  of  Oil  Gas.  The  talk  cov- 
ered the  development  of  the  present  apparatus  used  in  the  process,  and  the 
theory  underlying  it.  A  general  discussion  followed  in  which  the  cost  of 
production,  heat  value  and  the  composition  of  the  gas  was  brought  out. 

On  May  2,  Prof.  G.  A.  Goodenough,  Mem.Am.Soc.M.E.,  gave  an  account 
of  What  Mechanical  Engineers  Do.  A  discussion  of  the  nature  of  the 
positions  now  filled  by  the  university's  graduates  followed  the  address. 

UNIVERSITY   OF    NEBRASKA 

On  May  6  the  officers  for  the  coming  year  were  elected ;  they  are  as 
follows :  A.  A.  Luebs,  chairman ;  George  W.  Nigh,  secretary ;  A.  V.  Larson, 
treasurer ;  C.  A.  Hauptman,  reporter. 

YALE    UNIVERSITY 

On  April  2.3  the  mechanical  and  electrical  engineering  students  held  a 
joint  meeting  at  which  W.  L.  Morse,  terminal  engineer  of  the  New  York 
Central  Railroad,  delivered  an  interesting  lecture  on  the  Grand  Central 
Terminal  Improvements  in  New  York.  Lantern  slides  were  used  to  illus- 
trate the  paper. 
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With  Comments  by  the  Librarian 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of  accessions  to  the 
libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request  from  Calvin  W.  Rice,  Secre- 
tary, Am.  Sec.  M.  E. 

Abhandlungen  und  Berichte  iJBER  technisches  Schulwesen.  vol.  1-4. 
Berlin,  1910-1912.  Gift  of  Deutschen  Ausschusz  flir  Technisches  Schul- 
wesen. 

Die  Abhitzkessel,  F.  Peter.    Halle  a.  S.,  1913. 

Air  Compression  and  Transmission,  H.  J.  Thorkelson.  New  York,  McGraw- 
Hill  Book  Co.,  1913. 

This  work  is  based  on  lectures  delivered  by  the  author  to  his  classes  at  the  University  of  Wis- 
consin. It  gives  adequate  theoretical  treatment,  and  a  description  of  the  most  modern  machinery 
applied  to  ventilation,  power  transmission  and  refrigeration. 

Beitrag  zur  Berechnung  der  Kreuzweise  bewehrten  Eisenbetonplatten 
TJND  deren  Aufnahmetrager,  A.  Danusso.    Berlin,  1913. 

Die  Blechbearbeitungs-Technik,  F.  Georgi  and  A.  Schubert.    Leipzig,  1913. 

Circulation  of  Water  in  Steam  Boilers.  From  a  Lecture  by  Geo.  H.  Bab- 
cock,  deUvered  at  Cornell  University,  February  1890.  New  York,  1912. 
Gift  of  E.  T.  Copeland  Co. 

Detroit  River  Tunnel,  Alternate  Design  for,  by  the  McBean  Method. 
1  sheet.    Gift  of  D.  D.  McBean. 

Deutscher  Ausschuss  FtJR  Eisenbeton.    pt.  5-8,  10-11.    Berlin,  1910-1911. 

Elektrisch  betriebene  AuFztJGE,  ihr  Wesen,  Anlage  und  Betrieb,  p. 
Schwehm.     Hannover,  1901. 

Die  Fordertechnik.     vols.  2-4,  1909-1911.     Berlin,  1909-1911. 

Engineering  Thermodynamics,  C.  E.  Lucke.  Neiv  York,  McGraw-Hill  Book 
Co.     1912. 

The  whole  book  is  divided  into  three  parts.  The  first  three  chapters  deal  with  work  without  any 
particular  reference  to  heat,  the  second  two  with  heat,  without  any  particular  reference  to  work, 
and  the  last  with  the  relation  between  heat  and  work.  Of  the  first  three  the  second  chapter  deals 
with  the  determination  of  the  work  done  in  compressor  cylinders  and  the  third,  the  available 
work  in  engine  cylinders,  in  terms  of  all  the  different  variables  that  may  determine  the  work  for 
given  dimensions  of  cylinders  or  for  given  quantities  of  fluid.  Chapter  five  treats  heating  by  com- 
bustion, fuels,  furnaces,  gas  producers  and  steam  boilers,  gas  engines  and  refrigerating  machinery 
being  left  to  the  last  chapter.  A  large  number  of  tables  and  diagrams  are  given  in  the  text,  which 
makes  the  book  a  valuable  source  of  reference.  A  somewhat  novel  feature  of  the  book  is  that 
nearly  all  formulae  are  written  out  in  words  in  addition  to  or  instead  of  expressing  them  in  sym- 
bols. This  saves  a  great  deal  of  time  and  labor  in  hunting  up  the  meaning  of  symbols  by  one  who 
is  not  familiar  with  the  notification  adopted  in  the  text;  it  is  also  a  help  to  many  engineers  who 
do  not  possess  the  ability  to  visualize  the  physical  meaning  of  an  engineering  formula  expressed 
analytically,  and  have  to  have  it  translated  to  them  in  plain  language  before  they  can  see  what 
it  is  about.     As  Professor  Perry  said  about  twenty-five  years  ago,  there  are  many  engineers  who 
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skip  a  page  when  they  see  on  it  a  sign  of  integration,  and  for  them  (and  they  may  be  very  good 
engineers  otherwise)  Professor  Lucke's  system  of  writing  out  the  formulae,  especially  the  some- 
what complicated  thermodynamic  relations,  will  be  certainly  welcome.  The  book  contains  a  large 
number  of  examples,  both  worked  out  in  full  and  left  in  the  state  of  problems  to  be  solved  by  the 
reader. 

Gas,  Petrol,  and  Oil  Engine,  Dugald  Clerk  and  G.  A.  Burls,  vol.  2.  London, 
New  York,  1913. 

Heating  and  Ventilating  Buildings,  R.  C.  Carpenter,  ed.  5.  New  York, 
1911. 

Improvement  and  Development  of  the  Transportation  Facilities  of  San 
Francisco,  Bion  J.  Arnold.  Report.  San  Francisco,  1918.  Gift  of  B.  J. 
Arnold  and  J.  R.  Bibbins. 

International  Railway  General  Foremen's  Association.  Report  of  pro- 
ceedings of  the  eighth  annual  convention,  1912.    1912.    Gift  of  association. 

Intertjrban  Electric  Railway  Terminal  System  for  the  City  of  Cincin- 
nati.   Report.    October  1912.    1912.    Gift  of  Bion  J.  Arnold. 

Der  Kinematograph  und  das  sich  bewegende  Bild,  Carl  Forch.  Wien, 
1913. 

KoNSTRUKTION    TJND    BeRECHNUNG    von    SeLBSTANLASSERN    FiJR    elektrische 

AuFztJGE  MIT  Druckknopfstexjertjng,  Hugo  Mosler.    Berlin,  190 1^.. 

Lehrbuch  DER  Baumaterialienkunde,  Max Foerster.  pt.  l,pt.2  (l-2),pts.  3-4. 
Leipzig,  1.903,  1905,  1911. 

Locomotive  Catechism,  Robert  Grimshaw.    ed.  28.    New  York,  1913. 

Metallographie,  W.  Guertler.    pt.  6.    Berlin,  1910. 

Metropolitan  Sewerage  Commission  of  New  York.  Preliminary  Reports 
on  the  Disposal  of  New  York's  Sewage.  VI,  VII,  February  1913.  New 
York,  1913.    Gift  of  commission. 

Metropolitan  Street  Railway  System  of  Kansas  City,  B.  J.  Arnold.  Re- 
port to  WiUiam  C.  Hook,  on  the  Value  of  the  Properties,  vol.  1.  Gift  of 
B.  J.  Arnold. 

MODERNE   ElSHAtrSER,   TrOCKENLTJFT-,    KtJHL   U.   GeFRIERANLAGEN   MIT   ElSBE- 

TRiEB,  Andreas  Horstmann.    Cassel,  1912. 
New  York  Electric  Railway  Association.     Report  of  the  30th  Annual 

Meeting,  1912.     1912.    Gift  of  association. 
Paving  Brick,  the  Necessity  of  Uniform  Quality.    Tests  for  High-Grade 

Paving  Bricks,  J.  W.  Howard.    1913.    Gift  of  author. 
Recommendations  for  Proposed  Merger  Ordinance  for  Surface  and  Ele- 
vated Railway  Properties  in  the  City  of  Chicago,  based  upon  the 
February  11,  1907,  Ordinances,  B.  J.  Arnold.     Chicago,  1913.    Gift  of 
B.  J.  Arnold. 
Regulation,  Valuation  and  Depreciation  of  Public  Utilities,  S.  S.  Wyer. 
Columbus,  O.,  Sears  &  Simpson  Co.,  1913.    Gift  of  author. 
This  book  illustrates  modern  practice  in  printing  on  thin  paper,  314  pages  and  the  limp  cover 
have  a  thickness  of  only  three-eighths  of  an  inch.     It  can  easily  be  carried  in  the  pocket  or  an 
attorney's  brief  bag.     The  condensation  is  followed  in  principle  in  the  text,  which  is  briefed  for 
the  use  of  busy  men.    Expressions  of  opinion  are  supported  by  a  quotation  of  authoritj'.    There 
are  a  valuable  bibliography  and  a  very  complete  index.    Engineering  data  and  legal  definitions  are 
given  in  condensed  form. 

Safety  Valve  Rating,  A.  B.  Carhart.    Boston,  1913.    Gift  of  author. 
tJBER  Schwerlast-  Drehkrane  im  Werft-  und  Hafenverkehr,  Eugen  Schiir- 
mann.     Munchen,  1904- 
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SiCHERHEITSAPI'ARATE    VON   FoRDERMASCHINEN,    Forster.      KattoxdtZ,    1911. 

Some  Milling  Experiments,  P.  V.  Vernon.    Manchester,  1913.    Gift  of  author. 

South  Africa,  Johannesburg,  Mines  Trials  Committee.  Report  on  an  in- 
vestigation made  on  various  kinds  of  rock  drill  steel  for  the  purpose  of 
determining  the  most  suitable  steel  for  use  on  the  Rand.  Gift  of  Mines 
Trials  Committee. 

Springfield,  Mass.,  Board  of  Water  Commissioners.    39th  Annual  Report, 

1912.  Springfield,  1913.    Gift  of  Water  Commissioners. 

Statistics  of  Public,  Society  and  School  Libraries  having  5,000  Volumes 
and  over  in  1908.  U.  S.  Bureau  of  Education,  bul.  no.  5.  Washington,  1909. 
Gift  of  U.  S.  Bureau  of  Education. 

Die  Steuerungen  der  Dampfmaschinen,  Heinrich  Dubbel.     Berlin,  1913. 

Technische  Bedingungen  FxJR  die  Abnahme  von  Portlandzementen  in 
Russland,  M.  Glasenapp.    Gift  of  C.  W.  Rice. 

Technische  Hydrodynamik,  Franz  Prdsil.    Berlin,  1913. 

Theorie  und  Konstruktion  fines  rationellen  Warmemotors  zum  Ersatz 
DER  Dampfmaschinen,  Rudolf  Diesel.    Berlin,  1893. 

University  College  London.  Catalogue  of  the  periodical  pubhcations.  Ox- 
ford, 1912.    Gift  of  Librarian  of  University  College. 

Water,  its  Purifaction  and  Use  in  the  Industries,  W.  W.  Christie.  New 
York,  1912. 

WissENSCHAFTLiCHE  AuTOMOBiL  Wertung,  A.  Riedler.  Berichte  1-10.  Berlin, 
1911-1912. 

Gift  of  Geo.  F.  Kunz 

Deutsches  Museum.  Verwaltungs-Bericht  liber  das  neunte  Geschaftsjahr 
1911-1912.    Mvnchen,  1911. 

Liste  wiinschenswerter  Gegenstande  fiir  die  Gruppe  "Chemie." 

Beilage  5,  6. 

Gift  of  Railway  Age  Gazette 

Engineering,    vols.  1-84.    Neio  York,  1866-1907. 

Engineering  News.    vols.  21-58.    1889-1907. 

Engineering  Record,    vols.  49-61.    1904.-1910. 

Modern    Locomotives.      Illustrations,    specifications    and    details    of    typical 

American  and  European  steam  and  electric  locomotives,  1901.    New  York, 

1901. 

UNITED  ENGINEERING  SOCIETY 

Brief  History  of  Telephone  Accounting,  Charles  G.  DuBois.    February  10, 

1913.  1913.    Gift  of  American  Telephone  and  Telegraph  Company. 
Classified  List  of  Books  Devoted  to  Architecture  and  Allied  Subjects. 

New  York.     Gift  of  American  Architect. 
Iowa  Board  of  Railroad  Commissioners.    Schedule  of  Reasonable  Maximum 

Rates  of  Charges  for  the  Transportation  of  Freight  and  Cars.     Effective 

May  1,  1913.    Gift  of  Iowa  Railroad  Commissioners. 
Michigan  Gas  Association.    Proceedings  of  21st  Annual  Meeting.    Kalamazoo, 

1912.    Gift  of  association. 
New  York  State.     Barge  Canal  Terminal  Commission.     Proceedings  1911. 

vols.  1-2.    Albany,  1911.    Gift  of  State  Engineer  and  Surveyor. 
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New  York  State.  Commissiomers  of  the  State  Reservation  at  Saratoga  Springe. 
Report  1913.  Albany,  1913.  Gift  of  New  York  State  Reservation  Commis- 
sioners. 

Seattle  Public  Library.  Harbors  and  Docks.  List  of  Books  and  References 
to  Periodicals  in  Seattle  Public  Library,  February  1913.    Gift  of  library. 

University  of  Arizona.  Register,  1913-1914.  Tucson,  1913.  Gift  of  univ- 
ersity. 

University  of  Illinois.  List  of  Serials  in  the  University  of  Illinois  Library. 
Compiled  by  F.  K.  W.  Drury.     Urbana,  1911.    Gift  of  university. 

Gift  of  Wm.  McClellan 

Conservation,    vols.  14,  15.    Washington,  1908-1909. 

Electrical  World,    vols.  17,  21,  23-32.    New  York,  1891,  1893-1898. 

Engineering  News.    vols.  51-53.    New  York,  1904-1905. 

Engineering  Record,    vols.  58-61.    New  York,  1908-1910. 

Railroad  Age  Gazette,    vols.  45-46.    New  York,  1908-1909. 

Railroad  Gazette,    vols.  42-44.    New  York,  1907-1908. 

Railway  Age  Gazette,    vol.  47.    New  York,  1909. 

EXCHANGES 

Canadian  Mining  Institute.    Transactions,  1912,  vol.  16.    Montreal,  1912. 
Institution  of  Civil  Engineers.    Minutes  of  Proceedings,    vol.  191.    London, 

1913. 
Institution  of  Mechaj^ical  Engineers.     Proceedings,  1847-1911.     London, 

1849-1911. 
General  index,  1847-1873,  1874-1884,  1885-1900,  1901-1910.     London, 

1847,  1874,  1885,  1901. 
Koninklijk  Instituut  van  Ingenieurs.    Register,  1900-1910.    s-Gravenhage, 

1913. 
University  of  Illinois.     State  Water  Supply.     Chemical  and  Biological 

Survey  of  the  Waters  of  Illinois.     Report  for  year  ending  December  31, 

1911.    bull.  no.  9.     Urbana,  1912, 

TRADE    CATALOGUES 

Bates  Machine  Co.,  Joliet,  III.  Bull.  35,  Corliss  engine  department,  22  pp.; 
Cookson  cast-iron  heaters  and  receivers  with  cut-out  valves,  24  pp. 

Bristol  Company,  Waterbury,  Conn.  Bull.  138,  Bristol's  electric  time  recorder, 
September,  1912;  Bull.  139,  Bristol's  mechanical  time  recorder,  August  1912; 
Cat.  1200,  Bristol's  Class  2,  recording  thermometers,  August  1912;  Cat.  of 
recording  instruments,  1909-1912. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  III.  BuU.  137,  Chicago  giant  rock  drill. 
Tappet  type,  March  1913,  16  pp.;  Bull.  138,  Chicago  giant  rock  drill.  Mount- 
ings, March  1913,  12  pp.;  BuU.  139,  appvu"tenances  for  Chicago  giant  rock 
drills,  March  1913,  16  pp. 

C.  &  G.  Cooper  Co.,  Mt.  Vernon,  Ohio.  Bull.  52,  standard  Corliss  engines,  8  pp.; 
Chapman  rotary  gas  producers,  1912,  24  pp.;  Cooper  gas  engines,  1912,  21 
pp.;  CorUss  engines,  illustrations. 
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Hess-Bright  Mfg.  Co.,  Philaddphia,  Pa.  Ser.  336,  Sheet  93,  CIa.s,s  5,  pulley 
mounting;  for  rope  drive  or  hoisting  slieave.  Sheet  94,  Class  9,  ball  bearing 
arbor  of  heavy  duty  wood  shaper. 

HoLOPHANE  Works,  Cleveland,  Ohio.    Illumination  Progress,  April  1913. 

Johns-Manville  Co.,  New  York.    J-M  roofing  salesman,  April  1913. 

Mesta  Machine  Co.,  Pittsburgh,  Pa.    Bull.  H.,  Mesta  blowing  engine,  8  pp. 

National  Commercial  Gas  Association,  New  York.  Gas  illumination  of  fac- 
tories and  mills,  1913,  39  pp. 

Northwestern  Expanded  Metal  Co.,  Chicago,  III.  Expanded  metal  con- 
struction, May  1913. 

Snow  Steam  Pump  Works,  Buffalo,  N.  Y.  Bull.  S-110,  Snow  crude  oil  engine, 
August  1912. 

Under-Feed  Stoker  Company  of  America,  Chicago,  III.  Publicity  Magazine, 
April  1913. 

Valley  Iron  Works,  Williamsport,  Pa.  Economical  burning  of  coal,  1912,  32 
pp. 


EMPLOYMENT  BULLETIN 

The  Society  considers  it  a  special  obligafion  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal 
attention  and  is  pleased  to  receive  requests  both  for  positions  and  for  men.  Notices 
are  not  repeated  except  upon  special  request.  Names  and  records,  however,  are  kept 
on  the  current  ofHce  list  three  months,  and  if  desired  must  be  renewed  at  the  end  of 
such  period.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  list  of  "  men  available  "  is  made  up  from  members  of  the  Society.  Further  in- 
formation will  be  sent  upon  application. 

POSITIONS  AVAILABLE 

50C  Superiuteiident  of  large  experience  in  automobile  and  Diesel  engine 
construction.     Location  Indiana. 

507  Office  manager  with  mechanical  and  commercial  training.  Loca- 
tion Indiana. 

509  Assistant  to  works  manager,  able  to  help  on  design  of  special  de- 
vices to  plan  piping  lines,  building  changes,  requisition  materials  required, 
carry  on  investigation  of  proposed  machinery,  furnace  and  other  equip- 
ment. State  experience,  age,  whether  married  or  single,  salary  wanted  and 
references.     Location  Massachusetts. 

510  Man  with  broad  experience  in  the  design  of  high-grade  steam  power 
stations.     Location  Boston. 

511  Established  firm  of  efficiency  engineers  desire  to  add  to  their  staff, 
two  or  three  young  technical  graduates  with  about  one  or  two  years'  busi- 
ness experience  since  leaving  college. 

514  Industrial  engineer  desires  capable  rate-setter. 

515  Supervising  engineer  for  management  and  development  of  prop- 
erties. Technical  graduate,  with  ability  to  handle  men,  and  experienced 
in  operation  and  repair  of  all  kinds  of  boilers,  elevators,  plant  work,  etc. 

MEN  AVAILABLE 

110  Member,  aged  35,  graduate  of  Massachusetts  Institute  of  Technol- 
ogy, three  years  in  charge  of  work  in  mechanical  engineering  in  the  post 
graduate  department  of  the  United  States  Naval  Academy,  wishes  to  make 
another  engagement  after  July  1.  Thoroughly  experienced  in  engineering, 
testing  and  experimental  work ;  broad  commercial  experience.  Fully  com- 
petent to  develop  engineering  department  in  new  school  or  to  broaden  and 
revise  work  of  an  existing  department  along  most  modern  lines. 

111  Junior  member,  30  years  of  age,  mechanical  engineer,  technical  edu- 
cation, 10  years'  practical  experience,  in  design,  construction,  operation, 
maintenance  and  reorganization  of  mill,  factory,  and  other  manufacturing 
properties.  Wide  experience  in  the  superintendance  of  central  power  sta- 
tions,  factory  extension,  mill  and  reinforced   concrete  construction   work. 
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Desires  position  of  mechanical  superintendent  or  master  mechanic.     Par- 
ticularly experienced  in  practical  efficiency  work.    At  present  employed. 

112  Mechanical  engineer,  Member,  31,  technical  training,  now  in  charge 
of  drafting  room  and  planning  department  of  large  manufacturing  and 
repair  shops  ahroad,  desires  position  as  assistant  manager  or  efficiency 
engineer.     Can  cooperate  with  and  handle  men. 

113  Junior,  27,  married.  Now  employed  but  desires  to  locate  with  a 
live,  progressive  Eastern  concern,  opportunities  for  advancement.  Tech- 
nical graduate:  machine  shop  and  drafting  room  experience:  executive 
ability.    Full  particulars  upon  application.    Best  of  references  furnished. 

114  Professor  of  mechanical  engineering  in  charge  of  department  in  a 
state  university  desires  to  change  to  similar  position  or  to  practical  work. 

115  Technical  graduate,  age  30  years.  Five  years'  experience  in  charge 
of  power  plant  economy  and  testing  work,  expert  on  operation  of  stokers, 
boilers,  and  surface  condensers.  Familiar  with  all  kinds  of  power  plant 
apparatus,  would  like  position  with  company  manufacturing  condensers, 
consulting  engineer  doing  power  plant  business,  or  as  superintendent  or 
assistant  superintendent  of  power  for  lighting  and  power  company.  Best 
references.     Salary  $225  per  month. 

116  Graduate  engineer  with  excellent  experience  along  mechanical  and 
electrical  lines  with  consulting,  manufacturing  and  selling  concerns  desires 
permanent  position  in  or  near  New  York.  Age  36,  at  present  employed  in 
an  executive  sales  position,  but  desires  to  change  for  a  better  future  and 
more  permanent  work. 

117  Technical  graduate  with  shop,  testing,  designing  and  sales  expe- 
rience in  internal-combustion  engine  line,  desires  to  connect  with  gas 
engine  concern,  or  teaching  engineering  subjects. 

118  Technical  graduate,  age  37,  practical  mechanic  with  15  years'  expe- 
rience in  executive  and  designing  capacity  in  various  lines,  desires  position 
as  superintendent  or  mechanical  engineer. 

119  Mechanical  graduate,  age  35,  general  experience,  mechanical  and 
electrical  engineering:  matters  relating  to  construction,  plant  maintenance, 
machinery,  shop  and  laboratory  inspections:  engineering  specifications, 
contracts,  valuations. 

120  Mechanical  engineer,  operation,  maintenance  and  construction,  gov- 
ernment, railroad  and  factory  experience.     Recently  plant  engineer. 

121  Member,  graduate  mechanical  engineer,  open  to  engagement  for 
teaching  mechanical  engineering.  Six  years'  experience  in  charge  of  the 
department  in  a  state  university. 

122  Junior  member;  married,  desires  position  as  superintendent  or 
business  manager,  preferably  with  an  educational  or  medical  institution. 
Seven  years  in  present  position  as  assistant  manager  of  an  important  New 
York  institution.  Experienced  in  employing,  organizing,  purchasing,  plan- 
ning and  supervision  of  building  construction.  Also  five  years  of  practical 
engineering  experience.  Salary  dependent  upon  opportunity.  Very  best 
of  references. 

123  Member,  technical  graduate,  18  years'  experience,  at  liberty  after 
July  1.  Thoroughly  conversant  with  modern  machine  tools  and  methods 
and  foundry  practice  both  grey  and  malleable  iron.     Last  ten  years  has 
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systematized  shops  and  processes,  installed  cost  production,  routing,  piece 
and  premium  payment  systems  with  marked  reductions  in  cost.  Wishes 
to  obtain  position  with  large  concern  as  general  efficiency  man,  works 
manager  or  general  superintendent. 

124  Student  member,  age  27,  will  graduate  from  Cornell  in  June  1913, 
seven  years'  experience  as  machinist  (prior  to,  and  during  summers  of 
college  course)  wishes  to  locate  in  the  East  or  South. 

125  Member,  technical  graduate,  3G  years  of  age,  11  years  with  last 
employer,  designing  and  directing  installation  of  power  plants,  railroad 
shops  and  lieating  and  ventilating  systems,  desires  similar  work  in  New 
York  City,  or  elsewhere  in  the  East.     Salary  expected  $250. 

12G  Junior  member,  Massachusetts  Institute  of  Technology,  seven  years' 
experience,  drafting  room,  office,  shop  and  traveling  sales  department, 
would  like  position  as  assistant  to  chief  engineer  or  manager  of  manufac- 
turing plant  in  East.  Accustomed  to  handling  men,  drawing  up  contracts, 
estimating,  etc.    At  present  employed. 

127  Student  member,  28  years  of  age,  graduate  of  the  University  of 
Illinois,  six  years'  experience  in  machine  shops  with  wide  range  of  work. 
Well  versed  in  modern  shop  methods  and  management  and  can  handle 
men.     Desires  position  as  foreman  of  college  machine  shop. 

128  Technical  graduate,  age  27,  four  years'  general  experience  in  steel 
mill  engineering  and  maintenance,  desires  position  as  experimental  engi- 
neer or  master  mechanic.    At  present  employed.    Best  of  references. 

129  Member  of  the  Society  also  fellow  A.A.A.S.,  Cornell  graduate,  de- 
sires a  change.  Experience :  10  years  shop,  6  years  drafting  and  other 
engineering  work,  and  6  years  engineering  teaching.  Has  taught  almost 
all  mechanical  engineering  subjects  including  lecture,  recitation,  labora- 
tory, and  drafting  room  work.  Executive  ability.  Past  three  years  in 
charge  of  machine  design  and  construction. 

130  Technical  graduate.  Junior  member.  10  years'  practical  experience; 
at  present  engaged  as  superintendent  of  manufacturing  concern,  desires 
to  make  change  to  larger  field.  Experience  covers  design  and  manufacture 
of  interchangeable  parts  and  machinery,  tools,  jigs,  and  fixtures  for  in- 
creasing production,  etc.     Good  references. 

131  Connection  with  a  sales  or  executive  department  desired  by  student 
member  upon  graduation  from  mechanical  engineering  course  in  June. 
Has  had  business  and  shop  experience. 

132  Member,  technical  graduate,  10  years'  experience  as  power  plant 
specialist  and  efficiency  engineer,  desires  connection  with  large  manufac- 
turing concern  or  firm  of  bankers,  controlling  and  operating  plants.  At 
present  employed.     Excellent  references. 

133  Technical  graduate,  age  37,  practical  mechanic  with  10  years'  expe- 
rience in  executive  capacity,  mill  engineering,  power  generation,  transmis- 
sion, etc.,  desires  position  as  factory  engineer  or  works  manager  with 
progressive  concern  in  New  England. 

134  Member,  technical  graduate,  18  years'  experience  in  shop,  design- 
ing and  layouts,  testing  materials  and  machines,  now  teaching,  wishes  to 
locate  in  South  or  East,  preferably  with  consulting  engineer  or  technical 
school. 
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135  Member  desires  position  as  mmiager  of  small  shop.  Will  consider 
position  as  sales  niauasor,  cliiof  engineer,  chief  draftsman  or  salesman. 

V.iG  Yale  graduate.  FiX])erienced  as  assistant  and  mechanical  engineer 
in  design,  supervision  and  construction  of  tube  and  sheet  metal  mills, 
IX)wer  plants,  etc.  Desires  position  in  charge  of  power  plant  construction 
with  public  service  corporation  or  engineering  firm. 

137  Stevens  graduate  1912.  Experience  in  construction  work  installa- 
tion and  charge  of  safety  devices. 

138  Associate,  age  35,  with  17  years'  broad  experience  in  drawing-rooms 
on  civil,  structural  and  mechanical  work,  desires  a  position  of  responsi- 
bility, in  or  near  Philadelphia.  Experience  on  furnaces,  steel  plants,  mill 
work,  power  plants,  chemical  apparatus,  gas  plants,  coke  ovens,  etc. 
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THE    WARNER    &   SWASEY    COMPANY 

Works  and  Main  Office:  CLEVELAND,  U.  S.  A. 

Branch  Offices:  NEW  YORK,  BOSTON,  DETROIT  and  CHICAGO 
TURRET  LATHES        TURRET  SCREW  MACHINES        BRASS-WORKING  MACHINE  TOOLS 

UNIVERSAL   HOLLOW -HEXAGON 
TURRET  LATHES- 


FOR     BAR     AND     CHUCKING    WORK- 
EQUALLY    EFFICIENT    FOR     BOTH 


Two  highly  efficient- 
machines  in  one  —  co  in-~' 
bining  the  rapidity  and 
accuracy  of  the  Turret 
Lathe  and  the  simplicity 
and  adaptability  of  the 
Engine  Lathe. 

Two  independent  tool  car- 
riages, operating  simul- 
taneously ;  multiple  cut- 
ting tools  ;  geared  head, 
single  pulley  drive;  great 
strength  and  rigidity. 

Two  sizes — 

No.  2A— Bar  work2Jx26; 
chucking  12". 

No.  3 A— Bar  work  3ix36; 
chucking  15". 


No.  :'A — With  "Chucking  EQUipment' 


Uniform  Efficiency 

IS  INDUCED  BY 

Bristol  Umim 


Many  users  have  testified 
that  Bristol's  Recording  In- 
struments have  helped  them 
to  maintain  uniformly  efficient 
operating  conditions.  The  con- 
tinuous night  and  day  ink  rec- 
ords traced  automatically  by 
these  recorders  on  round  paper 
charts  show  actual  results  ob- 
tained, and  will  help  you  as 
they  have  thousands  of  others. 

Write  for  Bulletin  C-1300 
and  recommendations. 

THE  BRISTOL  GOmPHNY 

Waterbury,  Conn.   4016 


EXTRACTS  FROM  THE  BOOK  OF  THE 

COPIES  OF  THE  BOOK 
Multi-Stop  and  Double  Turners 

FIG.  1  illustrates  the  advantage  of  the  double  stop  for  each  position 
of  the  turret,  and  the  double  adjustment  of  each  turner.  This 
piece  has  six  finished  diameters  and  six  shoulders,  and  is  turned 
by  only  three  turners,  which  occupy  only  three  positions  on  the 
turret.  This  not  only  leaves  the  remaining  positions  free  for  other 
tools,  but  it  saves  the  operator  the  time  and  energy  required  to  run 
the  turret  slide  back  each  time. 

All  this  is  obtained  without  complication,  and  without  introduc- 
ing any  features  that  are  annoying  when  not  in  use. 

In  addition  to  the  double  stop  for  each  of  the  six  positions  of  the 
turret,  we  have  an  extra  stop,  consisting  of  a  pin  which  may_  be 
dropped  into  any  one  of  the  six  holes  at  the  rear  of  the  turret  slide. 
This  makes  it  possible  to  borrow  five  extra  stops  for  any  one  of  the 
tools,  and  gives  to  this  tool  seven  length  or  shoulder  stops,  and  leaves 
one  stop  for  each  of  the  remaining  tools. 


Fig,  I 

The  illustrations,  Figs,  2  and  3,  give  examples  of  what  one  tool 
can  do  in  this  machine  on  chuck  work,  when  we  take  advantage  of 
the  seven  length  stops  and  the  seven  shoulder  stops  of  the  cross-feed 
head. 

Of  course,  in  general  practice  three  or  four  stops  for  one  tool  are 
all  that  will  be  needed,  but  since  the  modern  cutting  steels  have 
greater  durability,  there  is  nothing  lost  by  giving  each  tool  all  the 
work  it  can  do. 

Outer  face  and  all  shoulders  and  diameters  accurately  finished  to 
independent  stops  by  one  tool.  When  roughing  and  finishing  cuts 
are  required,  the  roughing  tool  can  be  set  near  enough  to  use  the 
same  stops  that  are  accurately  set  for  the  finishing  tool.  When  an 
extra  tool  is  used  to  give  a  roughing  cut  it  is  set  as  indicated  by 
dotted  lines  in  Figs.  2  and  3, 

;  We  find  it  difficult  to  illustrate  all  of  the  classes  of  work  that  can 
be  turned  out  by  this  machine,  but  a  little  thought  will  suggest 


m  A^^'  Jones  &  Lamson 

Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Charlottenstrasse  112,  Diisseldorf,  Germany. 


HARTNESS  FLAT  TURRET  LATHE 

MAILED  ON  REQUEST 


Fig.  2 


many  forms  that  may  be  readily  handledln  bar  and  chucking  work, 
both  steel  and  iron,  on  account  of  the  many  provisions  for  bringing 
both  turret  and  cross  slide  up  to  fixed  stops;  either  by  power  feed 
or  by   hand. 


Fig.  3 


Machine  Company 


Queen  Victoria  St. 
London,  England. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and 
11  Rue  des  Envierges,  Paris.         Italy,   W.  Vogel,    Milan. 


Cost  Cutters 

Whether  your  work  is  chipping  a  casting,  or  trimming  a 
plate,  or  driving  a  rivet,  or  caulking  a  joint,  or  drill- 
ing, or  reaming,  you  will  find  by  actual  test  that  you 
can  do  it  just  a  little  better,  a  little  faster,  and  a 
little  cheaper  with  a  "Crown"  or  an  "Imperial"  or  a 
"Little  David"  Hammer,  or  a  "Little  David"  Drill, 
than  with  any  other. 

Individually,  the  saving  in  each  job  may  be  very  small.  But 
in  the  year's  aggregate  these  savings  loom  large  and 
make  for  larger  profits. 

You  should  buy  Air  Hammers  and  Drills  as  you  buy  lathes 
or  punches — on  a  basis  of  productive  capacity  and  the 
reputation  of  the  maker. 


New  York 


Ingersoll-Rand  Co. 

Offices  the  World  Over 
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What  the 
New  Tariff 
Really  Means 

Y 


'OU'VE  read  the 
clipping  ?  Very 
logical,  is  it  not  ? 


v,e 


apP^ 


N.  Y.  Times, 
April  g. 


We  all  know  that  the 
success  of  any  plant  is 
directly  dependent  upon 
its  running  basis.  That  the  plant  attaining  maximum  efficiency 
with  minimum  expense  is,  naturally,  the  one  turning  out  the 
most  goods  and  bringing  in  the  biggest  profits. 

All  of  which  means  SCIENTIFIC  MANAGEMENT. 

"Columbia  Recording  Thermometer 


is  a  factor   of   scientific   management, 
results — it  demands  a  good  product. 


It   insures   maximum 


For  the  "Columbia"  furnishes  written  records  of  temperature 
maintenance  in  any  process  in  which  proper  temperature  is 
vital.     Records  for  every  single  minute,  day  and  night,  during 

the  time  the  process  was  in  operation. 
Each  variation — every  discrepancy  is 
clearly  visible.  The  "Columbia"  is 
almost  human  in  its  mission  —  only 
more  reliable.  With  its  aid  you  can 
demand  best  results  and  get  them. 

Write  for  particulars  NOW 
— ask  for  catalog  728. 


The  Schaef  fer  &  Budenberg 
Mfg.  Co. 


For  any 

temperature 
range  up 
to  1000°  F. 


Instruments   for  the  Promotion 
of  Scientific  Management 

Brooklyn,  N.  Y. 

Chicago 
New  Orleans 
Pittsburgh 
Washington 
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Increase 


The   earning    capacity    of    your    men    and 
tools.       Eliminate    delays    and    confusion. 


The  results  actually  accomplished  by 

Sprague  Electric  Hoists 

In  a  great  variety  of  iadusU'ij.s  liavj  dL^iuoastrated  them    to  be   one   of 

the  most  effective  means  of  reducing  production  cost. 

Their  simi)le  design  and  rugged   construction   relieves   the   purchaser  of 

the  burden  of  employing  trained  operators.     Low  first  cost  and  a  wide 

range   of   utiUty   give   progressive  managers    and    superintendents  many 

opportunities  to  increase  output  and  reduce  costs. 

S(nid  for  our  literature  and  consult  our  experts. 

Write  for  Pamphlet  No.  90160. 

SPRAGUE  ELECTRIC  WORKS 

OF  GENERAL  ELECTRIC  COMPANY 

Main  Offices:  527-531  West  34tli  St.,  New  York 

Branch  Offices  in  Principal  Citieis 


This  is  the  way  a 
Large  Industrial  Plant 
in  New  England  uses 
G-E  Compensators. 

One  hundred  of  the  latest  type 
compensators  equipped  with  no- 
voltage  release  and  overload  re- 
lays have  recently  been  installed 
to  replace  the  old  motor  starters. 

The  principal  advantages 
gained  by  this  exchange  were  as 
follows  : 

1.  The  handle  of  the  CR-117  compen- 
>ator  cannot  be  left  in  starting  position. 

2.  The  handle  cannot  be  moved  to 
running  position  without  first  going  to 
the  starting  position. 

C:R-I17    Compensator   with   overload    release.        .  -i-    The    HO-Voltllge    release    OpCnS    the 
for  controHing  squirrel  cage  induction  motors  cnClUt  m  CaSe  01    taillU'e  Ol   VOltage. 

4.  Overload  relays  open  the  circuit  in  case  of  overload. 

5.  Switches  are  oil  immersed,  thus  eliminating  sparking  and  insuring  long  life 
of  contacts. 

6.  Compound  treatment  of  the  coils 
makes  them  practically  waterproof. 

Many  plants  are  replacing  their  old 
starters  with  modern  G-E  industrial 
control. 


Ask  our  nearest  office  about  the 
exchange  proposition  whereby 
you  can  obtain  new  equip- 
ment   on    a    satisfactory    basis. 


Overload    relay   panel    with  enclosing   cover 
removed 

This  cover  is  'furnished  as  part  of  the  standard 
equipment. 


General  Electric  Company 


Atlanta,  Ga. 
Baltimore,  Md. 
Birmingham   Ala. 
Boise,  Idaho 
Boston,  Mass. 
Buffalo,  N.  Y. 
Butte,  Mont. 
Charleston,  W.  Va. 
Charlotte,  N.  C. 
Chattanooga,  Tenn. 
Chicago,  111. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columbus,  Ohio 
Davenport,  Iowa 
Dayton,  Ohio 
Denver,  Colo. 


Largest  Electrical  Manufacturer  in  the  World   putsburg.  Pa. 
General  Office  :    Schenectady,  N.  Y. 
ADDRESS    NEAREST    OFFICE 


Detroit,  Mich. 
(Office  ol  Agent) 
Elmlra,  N.  Y. 
Erie,  Pa. 

Indianapolis,  Ind. 
Jacksonville,  Fla. 
Joplln,  Mo. 
Kansas  City,  Mo 
KeoKuk,  Iowa 
Knoxvllle,  Tenn. 
Los  Angeles,  Cal. 


Louisville,  Ky. 

Mattoon,  111. 
Memphis,  Tenn. 
Milwaukee,  Wis. 
Minneapolis,  Minn. 
Nashville,  Tenn. 
New  Haven,  Conn. 
New  Orleans,  La. 
New  York,  N.  Y. 
Omaha,  Neb. 
Philadelphia,  Pa. 


Portland,  Ore. 
Providence,  R.  I. 
Richmond,  Va. 
Rochester,  N.  Y. 
Salt  Lake  City, Utah 
San  Francisco,  Cal. 
St.  Louis,  Mo. 
Schenectady,  N.  Y. 
Seattle,  Wash. 
Spokane,  Wash. 
Springfield,  Mass. 
Syracuse,  N.  Y. 
Toledo,  Ohio 
Washington,  D.C. 
Youngstown,  Ohio 


For  Texas  and  Oklahoma  business  refer  to  Southwest  Geueral  Electric  Co.,  (formerly  Hobson  Electric  Co.) 
— Dallas,  El  Paso,  Houston  and  Oklahoma  City.     For  Canadian  business  refer  to  Canadian 

General  Electric  Company.  Ltd..  Toronto,  Ont.  39S6 


MESTA  BLOWING  ENGINES  with  New  Air  Valves 


The  principal  advan- 
tages of  our  new  type  of 
Air  Valve  are  as  follows  : 

1  Simplicity    of    air    end;   no 

valve  gear  required. 

2  Greater  volumetric  and  me- 

chanical efficiency. 

3  No  wear;  practically  no  re- 

pairs. 

4  No  lubrication;   practically 

no  attendance. 

5  Noiseless    operation    up    to 

highest  speed. 

6  Volumetric  efficiency  remains 

constant,  independent  of 
length  of  time  engine  has 
been  in  service. 


Mesia  Machine  Company 

PITTSBURGH,  PA.,  U.  S.  A. 


New  Process   Pinions   are   the   Strongest 
Non-Metallic  Gears  Made. 

We  frankly  admit  that  some  kinds  of  solid 
metal  pinions  outlast  New  Process  Pinions,  but 
where  prevention  of  noise  and  vibration  enters 
into  consideration  positively  no  other  gears  on 
the  market  compare  with  New  Process  for  dura- 
bility and  ultimate  satisfactory  service.  And  in 
almost  every  instance,  a  noisy  metal  to  metal  gear 
drive  can  be  successfully  and  permanently  quieted 
at  reasonable  expense  by  substituting  a  New 
•  I  Process  Pinion  for  the  noisy  metal  one. 

[  J3  You  would  never  go  back  to  metal  pinions  after 

trying  one  New  Process  Pinion  on  any 


high  speed  drive.  Their  installation 
not  only  adds  to  the  comfort  of  the 
entire  shop  force,  but  easily  repays 
the  expense  in  reduced  breakage  of 
gear  teeth  and  lengthened  life  of  the 
machines. 

Tell  us  where  you  would  consider 
New  Process  Pinions  and  we  will  send 
literature. 


NEW  PROCESS  IS  TO 
ALL  OTHER  RAWHIDE 
AS  STEEL   IS  TO  IRON 


liwnocEat 

IMMlPtlMlM 

SYRACUSE.  N,  Y. 

Agents:  Robert  Gardner  &  Son,  I-fd.,   Montreal. 


WHEELING  MOLD  &  FOUNDRY  CO. 

WHEELING,  W.  VA. 
Pittsburgh  Office,  Farmers  Bank  BIdg.  New  York  Office,  1401  Singer  Tower 

Steel  Castings 

to  100.000  pounds 

Chilled  Rolls 
Steel  Rolls 
Sand  Rolls 


Steel  Works 
Equipment 

Special  Machinery 

Cut  Gears 

No  work  too  big  for  us 
800  men  employed 


Bloom  Shear 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   ^vith    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 

Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 

SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES— Four   Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

ICANU;ACTUS£D  under  DAVY  BEOS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK   BUILDING PITTSBURG.   PA. 
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HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  mannner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  ia 
necessarily  the  case  when  the  bee-hive  or  cage  system  s  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin  "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


THE  NASH  ENGINE 

ILLUMINATING  NATURAL  OR  PRODUCER  GAS. 

IS  THE  MOST  RELIABLE  AND  ECONOMICAL. 


NATIONAL  METER  COMPANY 


CHICAGO 


NEW  YORK 


BOSTON 
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Tlie    Improved 

Murphy  Automatic   Furnace 

For  over  30  years  the  leading  Automatic  Stoker — Over  1,500,000  HP.  in  operation 


Founded 
1878 


UNITED  ELECTRIC  LIGHT  CO.,  SPKINGFIEI.D,  .MA.ss. 

1st  order  Sept..  1903—  900  H.P.  3rd  order  Mar..  1907—2400  H.P. 

2nd   "  ••       1904—1900  H.P.  4th      "      Jan.     1910—2400  H.P. 

MURPHY  IRON  WORKS,  Detroit.  Mich.      ^'^•'"[pgf  ^-^ 


BALL  CORLISS  ENGINE 

With  Non-Detaching  Valve  Gear 

It  wa3  the  drop  cut-off  gear  which  made  the  CorHss  Engine  successful  and  economical  for  slow  speeds. 

The  feature  which  distinguishes  our  High  and  Medium  Speed  Engines  and  makes  them  superior  to 
all  other  four-valve  engines  is  our  patented  non-detaching  valve  gear. 

This  gear  by  positive  action  gives  the  valves  the  same  movement  that  tht  drop  cut-of  of  the  slow 
speed  Corliss  produces  by  picking  up  and  dropping  them. 

The  valve  gear  opens  and  closes  the  valves  at  the  proper  time,  and  holds  the  valves  absolutely  slill 
dxiiing  over  half  a  revolution. 

The  valves  are  given  the  movement  necessary  for  the  greatest  durability  and  tightness,  and  the  best 
^orm  of  valve  is  made  possible. 

This  engine  marks  the  extreme  limit  of  excellence  so  far  reached  in  economy  and  quiet  running. 

BALL  ENGINE  CO.,  Erie,  Penn. 
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WESTON 

Miniature  Precision  Instruments 


FOR  DIRECT  CURRENT 

Accurate 
Durable 
Reliable 
Beautiful 


Switchboard  Ammeter 


Portable  Volt-Ammeter 


This  new  line  of  very  small  Instruments  represents  the  highest  development 
in  the  Art  of  Manufacturing  Electrical  Measuring  Instruments  of  low  capa- 
cities for  commercial  work. 

They  embody  a  refinement  in  design  and  Mechanical  and  Electrical  detail 
and  workmanship  which  would  seem  to  be  impossible  of  attainment  if  the 
results  were  not  present  in  the  instruments  themselves. 
They  possess  the  characteristics  and  high  grade  quahties  of  the  well  known 
Weston  Standard  Instruments;  they  are  Dead-heat — Accurate — Durable. 
The  prices  are  sufficiently  low  that  any  one  can  afford  to  own  one  of  these 
attractive  instruments. 

Send  for  Bulletin  No.  8  which  gives  full  description  and 
lists  of  over  300  ranges  and  types  for  various  purposes. 

WESTON  ELECTRICAL  INSTRUMENT  CO.,  Newark,  N.  J. 


LUNKENHEIMER 
IRON  BODY  VALVES 

All  parts  of  these  valves  subjected  to  wear 
are  renewable  and  are  made  of  a  high  grade 
bronze  composition  containing  a  large  per- 
centage of  copper  and  tin.  The  iron  used  is 
hard  and  close  -  grained  and  has  a  tensile 
strength  of  25,000  pounds  per  square  inch. 

Made  in  Medium,  Heavy  and  Extra  Heavy 
Patterns,  guaranteed  for  working  pressures 
up  to  125,  175  and  250  pounds  per  square 
inch  respectively. 

The  line  consists  of  Globe,  Angle,  Cross, 
Check,  Gate,  Pop-Safety,  Relief,  Blow-off, 
Non-return  Safety  Boiler  Stop  Valves,  etc. 

This  line  is  also  made  in  ^'Puddled"  Semi- 
steel,  suitable  for  superheated  steam  and 
severe  service,  and  in  Cast  Steel,  intended 
for  extreme  conditions  of  pressure,  superheat 
and  service. 

Specify  and  insist  upon  seeming  genuine  Lunkenheimer  make.      Do  not  accept 
substitutes — they    are    never    as    good    as    the  genuine. 
Your  local  dealer  can  furnish  them;  if  not,  write  us. 
^^'rite   for  catalogue. 

THE  LUNKENHEIMER  COMPANY 

Largest  Manufacturers  of  High  Grade    Engineering  Specialties  in  the  World 

General  Offices  and  Works:  CINCINNATI,  OHIO,  U.  S.  A. 


New  York 
64-68  Fulton  St. 


Chicago 
N.  Dearborn  St. 


Boston 
138  High  St. 


London,  S.  E. 
35  Great  Dover  St. 
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=CTHE  TRIPLEX  BLOCK )= 

"^  I  ^  L^  ^  'W^^'^y  "\\7"^-'^^      ^     thirty-corit-an-hour 

Jl    M.  m.\.^  ^v^  ™^"  waits  for  helpers  and  the 


Cents   An 
Hour 


an-hour  machine  waits  for  crane 
service  the  shop  or  plant  is  not  effi- 
ciently equipped. 

If  the  machine  and  man  lose  two 
hours  a  day  due  to  poor  load-handling 
facilities  the  important  loss  is  not 
the  sixty  cents  in  wages  for  the  man's 
time,  but  the  $2.00  in  machine  time. 

Eliminate  the  expensive  idle  periods 
of  men  and  machines  in  the  shop  and 
plant.  Use  Triplex  Blocks  and  trol- 
ley on  overhead  track — any  man 
alone  lifts  and  transports  the  heaviest 
load.  The  active  periods  of  men  and 
machines  are  increased. 

Write  us  for  Book  of  Hoists  F-17 
today.  It  describes  these  profit- 
making  installations. 

TRIPLEX!  i6  sizes:  One-fourth  of  a  ton  to  forty  tons.         Each  block  tested  to 
BLOCKS   J  300  Active  Stocks  all  over  the  United  States.     50  per  cent  overload 

THE  YALE  &  TOWNEMFG.  COMPANY 

Blrc£"'an<f 'Ifetdf "^Sfiri         CYALE)    9  E.  40th  Street,  New  York. 


There's  No  Normal  Pulley  Task 
an  "American''  Can't  Perform 

Where  the  work  is  hardest,  conditions  most  unfavorable,  where 
strains  and  stresses  are  most  frequent,  install  an 

"American*' 

steel  Split  Pulley 

It  is  guaranteed  to  give  double  belt  service  under  any  conditions 
not  requiring  a  special  pulley. 

You  will  find  "American"  pulleys  stocked  in  most  towns  of  im- 
portance.    Your  local  supply  dealer  can  meet  your  wants. 
Send  for  our  instructive  free  booklet  which  every  engineer,  mill- 
man  or  machinist  should  read. 

TheAmerican  Pulley  Company 

OFFICE  AND  WORKS:  PHILV^DELPHIA.  PA. 
Warehouses:  NewYork.  203  LafayeKe  St  Boston.165  Pearl  St.  Chicago.  124  S. Clinton  St 
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You  need  the  best  backing  in  the  world  for   your   mine  or 
quarry  elevator  belt 

VT'OU  get  it  in  Goodrich   Elevator  Belts.      Before  adopting  the 
^     duck  that  is  used  we  developed  for  years  the  possibilities  of  the  biggest  duck 
mills  in  the  country.       This  duck  has  exceptional  tensile  strength  —  nothing 
equal  to  it  for  elevator  belt  service. 

The  friction  is  of  the  highest  quality.  Holds  together  the  plies  of  duck  through- 
out the  hardest  service — protects  it  against  moisture  or  any  foreign  matter  which  may 
penetrate  into  the  bolt  holes. 

The  cover  of  Goodrich  Elevator  Belts  is  tough,  and  wear-resisting.  It  is  com- 
pounded with  an  experience  bred  of  forty-three  years.  When  made  extra  thick  it 
protects  the  belt  to  a  maximum. 

The  B.  F.  Goodrich  Co. 

Makers  of  Goodrich    Tires  and  Everything   That's  Best  in  Rubber 
Factories:  Akron,  Ohio  Branches  in  all  leading  cities 

There  is  nothing  in  Goodrich  Advertising  that  isn't  in    Goodrich  Goods 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,    FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKS:    ELIZABETHPORT 
NEW  JERSEY 


SALES   ROOM: 


Gears  of  all  kinds 
and  sizes 

79   BARCLAY  ST. 
NEW  YORK  CITy 


JEFFREY    MACHINERY 

Stands   for   Quality   and  Results 

Our  Complete  Line — standardized  as  it  is — can  be  adapted  to 
practically  every  industry. 

Jeffrey  Catalogs  and  Bulletins  contain  descriptive  matter,  data, 
and  other  information  that  is  invaluable  to  Engineers. 
Ask  us  for  free  copies. 

JEFFREY  MANUFACTURING  CO.,  Columbus,   O. 

New  York  Pittsburg  Birmingham  Denver  Boston 

Cleveland  Chicago  Philadelphia  Montreal 
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MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


|P***  ALLIANCE     ^ffi&l^      OHIO  ^y^ 


\]} 


Power  Transmission  Appliances 


FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


Hoisting   Engines 
of  CLYDE  Grade 

represent  the  highest  notch  in  money-and-time  saving 

efficiency. 

You  cannot  pay  less  and  get  the  same  effi- 
ciency. You  cannot  get  greater  efficiency,  how- 
ever much  you  pay. 

i         CLYDE  IRON  WORKS 

Manufacturers     of     CLYDE-GRADE    Hoisting     Machinery 

at  Dulutli.  Minnesota,  IT.  K.  A. 

"Call  tor  Catalog  No.  33" 
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THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 


JOHN    A.    ROEBLING'S    SONS 

TRENTON,   N.  J. 


COMPANY 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Porttand,  Ore. 


Cleveland 
Seattle 


Conveyors 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

List 
No.  Price 

430     Hydraulic  Hoisting  Plant  for  Pier  of  Brooklyn  Sugar 

Refining  Co.,  Engel ' S     .20 

544     Haulage  by  Horses,  Briggs 40 

1090     Measuring  and  Mixing  of  Crushed  Materials,  Trump .  .       .20 

1190  Hoisting  and  Conveying  Machinery,  Titcomb 20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  Tomlinson.  .       .10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

1234  A  Unique  Belt  Conveyor,  Soper 10 

1235  Automatic  Feeders  for  Handling  Material,  Baldwin.  .  .       .10 

2l0 


Price,  per  set,  $2.00 


(Members'  rates  ire  half  the  list  price) 


Address,  Calvin  W.  Rice,  Secretary,  29  W.  39th  Street,  New  York 
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Green  Chain  Grate  Stokers 

For  Water  Tube  and  Tubular  Boilers 
GREEN  ENGINEERING  CO. 

Steger  Building  Chicago,  111. 

Catalogue  "  G  " — Green  Chain  Grate  Stokers  for  free  burning  bituminous  coals. 
Catalogue  "L" — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue  No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 
Sent  on  application 


New  York 
Philadelphia 


Pittsbiu'gh 
Chicago 


Keeler  Cross  Drum 
Boiler 

All  wrought  Steel  Construction. 
Designed    for  limited   ceiling  space 
or  restricted  openings. 
Shipped  "knocked  down." 

Ask  for  New  Catalog 

Established  1864 

E.  Keeler  Co.,     Williamsport,  Pa. 

Seattle 


Huntingdon,  W.  Va. 
New  Orleans 


Dallas 

San  Francisco 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET.  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works  BARBERTON.  OHIO     BAYONNE,  N.  J. 


BOrrON,  M  Federal  St. 

PITTSBURGH,  Farmers  Deposit  Bank  Bldg. 

SALT  LAKE  CITY,  313  Adas  Block 

CLEVELAND,  New  England  Bldg. 

LOS  ANGELES.  American  Bank  Bldg. 


BRANCH  OFFICES 
PHILADELPfflA,  North  American  Bldg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,  Marquette  Bldg. 
PORTLAND,  ORE..  Wells-Fargo  Bldg. 
SEATTLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO,  99  First  Stnrt 
DENVER,  435  Seventeenth  StiMl 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116i  Cafle  it  La  Habau 
aNCINNATI,  Traction  Bldg. 


SCOTCH  BOILERS 

DRY  AND   WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 
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CENTRIFUGAL 

£ 

PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 

''^jjE^BSBi 

Standard  Ball  and  Roller  Bearings 

Thrust  Bearings  in  capacities  up  to  2,000,000  pounds. 

Journal  Bearings  in  capacities  of  100,000  pounds,  and 
light  loads  at  25,000  R.P.M. 

Standard  Roller  Bearing  Company 

50th  Street  and  Lancaster  Ave.  Philadelphia,  Penna. 


INDIVIDUAL  SANITARY  WASH  BOWLS 

Arranged  In  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle.  Self- 
Closlng  or  Compression 
Blbba:— 

Plain  Cast  Iron,  Galvanlred 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Bend  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUPACTURINQ     EQUIPMENT  &   ENQINEERINQ   COMPANY.    BOSTON.    MASS 

Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820  Elevator,  C.  R.  Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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BROWN   PYROMETERS 


Have  been  the  recognized  standard 
since  1860,  and  they  have  the  larg- 
est sale  to-day.  Can  we  send  a 
copy  of  our  new  56  page  catalogue 
describing  these  instruments  ? 

THE  BROWN  INSTRUMENT  CO. 

Philadelphia,  Pa. 


^^RITE    for  a  copy  of  our 
booklet    entitled    'The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American=Ball  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,    BOUND  BROOK,  N.  J. 


Condensers 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

291  Surface  Condensers,  J.  M.  Whitham $  .10 

634  An  Evaporative  Surface  Condenser,  J.  H.  Fitts 10 

693  A  Self  Cooling  Condenser,  R.  Alberger 20 

798  Cooling  Tower  and  Condenser  Installations,  J.  H.  Vail 20 

1072  Condensers  for  Steam  Turbines,  Geo.  I.  Rockwood 20 

$  .80 

Set  Complete,  $  .76  Members'  rates  are  bait  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


Model  A  Reducers— Ratios  4:1  up  to  1600:1 

The  many  excellent  features  em- 
bodied in  this  style  tend  to  make 
it  a  most  desirable  and  attractive 
drive,  and  we  can  highly  recommend 
it  to  any  one  in  the  market  for  a  first 
class  speed  reducing  transmission. 

Particularly  adapted  to  heavy 
duty  and  continuous  service. 

Ask  for  Bulletin  E.  Send  for  Catalog  D 
on  Cut  Gearing  and  Incased  Worm 
Gear  Reductions. 

D.  O.  JAMES  MFG.  CO.,  1120-22  W.  Monroe  St.,  CHICAGO,  ILL. 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Department    of  Civil,  Mechanical  and  Chem- 
cal  Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 
UNIVERSITY  HEIGHTS,  N.  Y.  CITY 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering. 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO 


Bert.  L.  Baldwin  Garrett  W.  Simpkinson 

Members  A.  S.  M.  E. 

BERT.  L.  BALDWIN  &  CO. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven     Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects 

Exchange  Building,  53  State  St., 
BOSTON,  MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests   of    Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue, 

NEW  YORK  CITY. 


FORD.  BACON  &  DAVIS 

Engineers 


115  Broadway 
NEW  YORK 


New  Orleans 


San  Francisco 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201  Devonshire  Street,         BOSTON,  MASS. 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards 
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MACHINE    SHOP    EQUIPMENT 


MACHINE   SHOP   EQUIPMENT 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  12G  Chambers  St.     Rock  Island,  P.  Q. 

Manufactui'ers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  wor'd. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum" Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  FELLOWS  GEAR  SHARER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HARTFORD  SPECIAL  MACHINERY  CO. 

HARTFORD,  CONN. 

Builders  of  High  Grade,  Accurate,  Special  Machinery,  Fixtures,  Jigs 
and  Tools. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 


Manufacturers   of  Grinding  Machines. 
Grinders,  Surface  Grinders,  Drill  Grinders. 


Internal  Grinders,   Cylinder 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J  to  5  tons. 


TAPS 

AND 

DIES 


CARBO- 
RUNDUM 
PRODUCTS 


GEAR 
SHAPERS 


MILLING 
MACHINES 


SPECIAL 
MACHINERY 


GRINDING 
MACHINES 


AIR 
COM- 
PRESSORS 

AIR  TOOLS 
AND    HOISTS 
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MACHINE   SHOP   EQUIPMENT 


TURRET 
LATHES 


HEAVY    DUTY 

BORING 

MILLS 


LATHES 

MILLING 
MACHINES 


MACHINE 
TOOLS 

ENGINEER- 
ING 
SPECIALTIES 


METAL  SHOP 
AND 

FACTORY 
EQUIPMENT 


PINIONS 

AND 

GEARS 


TURRET 
LATHES 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 


Vertical  Turret  Machines,  28' 
Machines,  42"  to  84",  inclusive. 


and  34".     Vertical  Boring  and  Turning 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  I-athes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 

Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  j^roduct  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 

BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


NEW  PROCESS  GEAR  CORPORATION 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  fully,  will 
be  mailed  on  request. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  S0.30;  No.  1083. 
Belt  Creep:  W.  W.  Bird,  price  SO. 10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discussion,  price  S0.70. 
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MACHINE   SHOP   EQUIPMENT 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  tj-pe.s;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  j  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  SOOO  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St..  New  York  2007  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 


Jolt  Ramming  Machines 


Pneumatic  Vibrators 


SAND 
RAMMERS 

AIR  TOOLS 
AND   HOISTS 

COMPRESS- 
ORS 


FOUNDRY 
MOLDING 
MACHINE 
EQUIPMENT 


BLOWERS,   FANS,   DRYERS,   ETC. 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  Pressure  Gas  Puiniis.     Flexilile  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  cit}-. 


BLOWERS 

GAS 

EXHAUST- 
ERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZ- 
ERS 

ENGINES 
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ROLLING     MILL     MACHINERY 


ROLLING    MILL    MACHINERY 


ENGINES 

ROLLING 

MILL 

MACHINERY 


STEAM 
HYDRAULIC 
FORGING 
PRESSES 


ROLLING 

MILL 

EQUIPMENT 


IVIACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 

Engines,  single  and  compound,  corliss  reversing  and  blowing.  Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.  Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydrauhc  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacitv. 


WHEELING  MOLD  &  FOUNDRY  CO. 

Pittsburgh,  Pa.  WHEELING,  W.  VA.  New  York,  N.  Y. 

Designers  and  Builders  of  Steel  Works  and  Rolling   Mil!  Equipment. 
Steel  Castings  machined  or  in  the  rough.     Chilled,  Sand  and  Steel  RoUs. 


PUMPS  AND  HYDRAULIC  TURBINES 


PUMPING 
MACHINERY 


PUMPS 

CONDENS- 
ERS 


PAPERS 

ON 

PUMPS 

AND 

HYDRAULIC 

TURBINES 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.      Literature  upon  request. 


M.  T    DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 
densers. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  381.  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Com- 
mittee Report,  price  $0.30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  8.  Nagle,  price 
$0.10;  No.  1110.  Development  of  Water-wheel  Governor:  M.  A.  Replogle,  price  $0.20; 
No.  1113.     Turbine  Design  as  Modified  for  Close  Regulation:  G.  A.  Bovinger,  price  $0.10. 
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PUMPS     AND     HYDRAULIC     TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumpa  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  every  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


LAMMERT  &  MANN 

216-220  So.  Jefferson  St.  CHICAGO,  ILL. 

Engineers  and  Machinists 
Manufacturers  of  Rotary   Vacuum   Pumps  for  highest  dry   vacuum, 
Lead  Pumps,  Rotary  Blowers,  etc. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


PUMPS 

HYDRAULIC 
MACHINERY 


WATER 
WHEELS 

WOOD   PULP 
AND 
PAPER 
MACHINERY 


TURBINES 

PAPER     MILL 
MACHINERY 


VACUUM 
PUMPS 


CENTRIF- 
UGAL 
PUMPING 
MACHINERY 

ENGINES 


STEAM   ENGINES  AND    BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  .stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 


42  Raritan  Ave. 


BOUND  BROOK,  N.  J. 


Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, 80  to  1;000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


WATER  TUBE 
BOILERS 


ENGINES 
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STEAM    ENGINES    AND    BOILERS 


WATER  TUBE 
BOILERS 


STEAM 
E'NGINES 


STEAM 
BOILERS 
AND 
ENGINES 

FEED-WATER 
HEATERS 


STEAM 
ENGINES 


ENGINES 

PUMPS 

COMPRESS- 
ORS 

CASTINGS 


BOILERS 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BOILERS 


PAPERS 

ON 

STEAM 

ENGINES 

AND  BOILERS 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 
Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pressure:  J.E.Howard, 
price  $0.30;  No.  1298.  Combustion  and  Boiler  Efficiency:  E.  A.  Uehling,  price  $0.30;  No. 
1308.    Oil  Fuel  for  Steam  Boilers:  B.  R .  T.  Collins,  price  $0.20. 
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STEAM   ENGINES  AND  BOILERS 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 
Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  IMachinery. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  90  West  St..  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE 

VILTER 

MFG. 

CO. 

1070-1088 

Clinton  St. 

Established 

1867 

MILWAUKEE, 

WIS. 

Builders  of  Corliss  Engines 
Connected  Service,  medium  or 

,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or 
high  speed.     Ice  and  Refrigeration  Machines. 

Direct- 

WEIMER  MACHINE  WORKS  COMPANY 

LEBANON,  PA. 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Cinder 
and  hot  metal  cars.  Furnace  Bells  and  Hoppers.  Rolling  Mill  castings. 
Special  attention  paid  to  quick  repair  work  and  work  governed  by  En- 
gineers'   specifications. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1071.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price 
$0.10;  No.  922.  Effect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price 
SO.  10;  No.  873.  Comparison  of  Rules  for  Calculating  the  Strength  of  Steam  Boilers: 
H.  de  B.  Parsons,  price  $0.10;  No.  819.  Boiler  and  Furnace  Efficiency:  R.  S.  Hale,  price 
$0.30. 


COMPLETE 
POWER 
PLANT 
EQUIPMENT 


BOILERS 


ENGINES 

REFRIGERA- 
TING 
MACHINERY 


BLAST 
FURNACE 

BLOWING 
ENGINES 


PAPERS 

ON 

STEAM 

ENGINES 

AND 

BOILERS 


OIL  AND   GAS    ENGINES  AND  GAS  PRODUCERS 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  200,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


REFRIGERA- 
TING    AND 
ICE     MAKING 
MACHINERY 

OIL  AND  GAS 
ENGINES 


OIL 
ENGINES 
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OIL    AND    GAS    ENGINES   AND   GAS    PRODUCERS 


GAS 

ENGINES 
AND 
PRODUCERS 


GAS 
PRODUCERS 


PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H.  P. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.  Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.     Tar  Extractors  and  Gas  Cleaning  Plants. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  1336.  Symposium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
$0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41  X.  A  Regenerator  Cycle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  $0.90;  No.  1238.     Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


CONDENSERS 

CENTRIFUGAL 

PUMPS 

HEATERS 

COOLING 

TOWERS 


VALVES 

SLIDE  AND 
PISTON 
DISTRIBU- 
TION 


ALBERGER 

140  Cedar  St. 


PUMP  &  CONDENSER   CO. 

NEW  YORK 


Complete  condensing  equipments.  Surface,  jet  and  barometric  types.  Centrifugal 
pump.s,  steam  turbines,  water  turbines,  vacuum  pumps,  water  meters,  feed  water  heaters^ 
cooling  towers,  expansion  joints. 

See  pages  SS,  89,  90  of  Condensed  Catalogs  of  Mechanical  Equipment. 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


VALVES 

GAUGES 

INDICATORS 


AMERICAN   STEAM   GAUGE  AND   VALVE  MFG.  CO. 

BOSTON.  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
po.ses.  Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  10S5.  Performance  of  a  Suoerheater:  A.  Bement,  price  $0.10  ;  No.  1070.  A  Twist 
Drill  Dynamometer:  H  P.Fairfield,  price  .$0.10;  No.  921.  The  Bursting  of  Small  Cast 
Iron  Fly-Wheels:  C.  H.  Benjamin,  price  $0.20;  No.  1144.  Balancing  of  Pumping  En- 
gines: A.  F.  Nagle,  price  $0.10. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


w. 

N. 

BEST 

11 

Broadway 

NEW^ 

YORK  CITY 

Apparatus 

for 

and  technical 

information  relative  to  all  forms  of  liquid  | 

fuc 

1  equipment 

THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Thermometers. 
The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  ^'oltmeters,  Ammeters 
and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt  Lacing. 


THE  BROWN  INSTRUMENT  CO. 

Established  1860  PHILADELPHIA,    PA. 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  be  manufactured  in  this  coun- 
try, and  having  the  largest  sale  today.  Also  manufacturers  of  Thermometers,  speed  in- 
dicators and  Recorders,  Voltmeters,  Ammeters  and  kindred  instruments. 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.   LOUIS       PITTSBURGH       CHIC.\GO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates. 
Send  for  catalogue. 


CRESCENT  MANUFACTURING  CO. 

SCOTTDALE,  PA. 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups. 


dia:mond  power  specialty  company 

70  First  St.,  DETROIT 
Lj34  Monroe  Bldg.  Bourse  Bldg.  702  Singer  Bldg.         Suite  24—19  Pearl  St. 

CHICAGO  PHILADELPHIA  NEW  YORK  BOSTON 

Mechanical  Systems  for  cleaning  Soot  from  heating  surfaces  in  all  stand- 
ard makes  of  Boilers.      Soot  Blowers  for  all  Sta)ular(l  Boilers. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  $0.10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
S0.30;  No.  1064.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  SO. 10;  No. 
S  30  Xa.    Efficiency  Tests  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10. 


VALVES 
GAUGES 


OIL   AND  TAR 
BURNERS 

FURNACES 


RECORDING 
GAUGES 
AND 

INSTRU- 
MENTS 


PYROM- 
ETERS 

THER. 
MOMETERS 

TACHOM- 
ETERS 


VALVES 


LUBRICA- 
TORS 

GREASE 
CUPS 


SOOT 

BLOWER 

SYSTEMS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


STOKERS 

PNEUMATIC 

ASH 

CONVEYORS 


GREEN  ENGINEERING  CO. 

Stcger  Building  CHICAGO,  ILL. 

Green  Chain  Grate  Stokers  for  free  burning  and  coking  bituminous  coals. 
GECO  Pneumatic  Ash  Handling  Systems. 
See  pages  50  and  51  of  Condensed  Catalogucs'oJ  Mechanical  Equipment. 


FORCE  FEED 
LUBRICA- 
TORS 


GREENE,  TWEED  &  CO. 

109  Duane  St.  NEW  YORK 

Roche  ter  Automatic  Force  Feed  Cylinder  Lubricators,  1 3r  the  lubrica- 
tion  of  all  types  of  engines,  pumps  and  air  and  ammonia  compressors. 
See  page  159  of  Condensed  Catalogs  of  Mechanical  Equipment. 


LUBRICATION 
PUMPS 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO.  ILL. 

Force  Feed  Lubrication  Pumps  made  in  any   number   of  Feeds   or 
Compartments. 


VALVES 


VALVES 


STEAM 
TRAPS 


SEPARA- 
TORS 


REGULA- 
TORS 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  roniplrte  catalogue. 


AIR 

COMPRESS- 
ORS 

AIR  TOOLS 
AND   HOISTS 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  tjTjes,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J^  to  5  tons. 


VALVES 

PACKING 
DISCS 


NEW  YORK 


JENKINS  BROS. 

BOSTON  PHILADELPHIA  CHICAGO 


Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  made  in  brass,  iron  body,  and 
cast  steel,  in  a  variety  of  types,  suitabli'  for  moderate,  medium  or  extra  heavy  pressures. 
Also  a  lino  of  high  grade  m('fhani<'al  rubber  goods  including  sheet  packing,  gaskets,  gasket 
tubing  and  pump  valves.     Illustrated  catalogue  sent  on  request. 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  $0.10;  No.  1287. 
Experimental  Analysis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  .$0.20;  No. 
S  43  X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  20  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 
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ROBERT  A.  KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:   6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufaoturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors  for  Steam   Engines,  Turbines,   Gas   Engines.     Mechanical 
Control  Power  Regulation. 

>See  Page  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufactm-ers   of  genuine   Ludlow   Gate   Valves  for  all   purposes. 
Special  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.    Fire  Hydrants. 


POWER  SPECIALTY  CO. 

Ill  Broadway  NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  Fittings:  Com-report,  price  $0.10;  No.  1297.  Transmission  of  Heat  in  Surface 
Condensation:  G.  A.  Orrok,  price  $0.50;  No.  1259.  Cooling  Towers  for  Steam  and  Gas 
Power  Plants:  J.  R.  Bibbins,  price  S0.40;  No.  1072.  Condensers  for  Steam  Turbines:  0.  I. 
Rockwood,  price  $0.20. 


MAGNESIA 

ASBESTOS 

AND 

BRINE    PIPE 

COVERINGS 


VALVES 

BLOW-OFF 
VALVES 

FIRE  HY- 
DRANTS 


VALVES 

INJECTORS 

LUBRICA- 
TORS 
ETC. 


STEAM 
TRAPS 


AUTOMATIC 
FURNACE 
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SUPER- 
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PAPERS 
ON 
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WATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 


RECORDING 
THER- 
MOMETERS 
AND  GAUGES 

TACHOMETERS 

CALORIM- 
ETERS 


INJECTORS 

CONDENS- 
ERS 

VALVES 
ENGINE 
STOPS 


INSTRU- 
MENTS 


LUBRICAT- 
ING 
OILS 


CONDENS- 
ERS 

PUMPS 

COOLING 
TOWERS 


CONDENS- 
ERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 


WM.  B.  SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURGH,  PA. 

26  Cortlandt  St.  New  York 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic  purposes. 


THE  SCHAEFFER  &  BUDENBERG  MFG.  CO. 

BROOKLYN,  N.  Y. 

Instruments  for  Measuring,  Indicating  and  Recording  Temperature, 
Pressiu'e  and  Speed. 

See  page  182,  Condensed  Catalogues  of  Mechanical  Equipment. 


SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,   Feed  Water  Heaters,  etc. 


C.  J.  TAGLIABUE  MFG.  CO. 

32  THIRTY-THIRD  ST.  BROOKLYN,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
See  OUT  Condensed  Catalogue  in  April  1911   ?iuinber  of  The  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundries  and  all  general  purposes.  All  classes  of  Petroleum  Products  of 
the  highest   quality. 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:   CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
%'acuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 


NEW    YORK 


SAN    FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Wat o«'  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  I^nnecessary  Losses  in  Firing  Fuel  Coal:  C.  R.  Weymouth,  price  $0.30;  No 
1213.  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price 
S0.20;  No.  116.5.  The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.  E 
Junge,  price  $0.40;  No.  1245.     Some  Properties  of  Steam:  R.  C.  H.  Heck,  price  $0.10. 
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HOISTING   AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 


p:^J.Z\  CLEVELAND,  O.,  U.  S.  A.  l^'uVj^'''" 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helieoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 
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ELEVATING 

CONVEYING 

MINING 
MACHINERY 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFERS 


ELEVATORS 

AND 

CONVEYORS 


CRANES 


ROBINS 

BELT 

CONVEYORS 


WIRE   ROPE 


CRANES 

MONO-RAIL 
SYSTEMS 

CON- 
TROLLERS 


CRANES 
HOISTS 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machiinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ment.-!. 


LIDGERWOOD  MFG.  CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists.  Cable- 
ways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyons  for  every  purpose;  all  accessories;  Power 
Transmission  Machinerv. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


ROBINS  CONVEYING  BELT  COMPANY 

13  Park  Row,  New  York 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A. 

ROEBLING'S 

SONS 

COMPANY 

TRENTON, 

N.  J. 

Manufacturers 

of  Iron,  Steel  and 

Copper  W 

ire  Rope, 

and  Wire 

of 

every  description. 

SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.    Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 
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THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTI-:R  M'F'G  C(J.) 
TIFFIN,  OHIO  Eastern  Branch:  88-90  Rcadc  St.,  NEW  YORK 

Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  ail 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Ciearing. 


THE  YALE  &  TOWNE  MFG.  CO. 

9  E.  40th  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.     The  Triplex  Block 


is  made  in  14  sizes,  with  a  lifting  capacity  of  from 
Hoist  in  10  sizes,  J  to  IG  tons. 


to  20  Ions;  Electric 


elevTating 
conveying 

POWER 
TRANS- 
MITTING 
MACHINERY 


CHAIN 
BLOCKS 

ELECTRIC 
HOISTS 


AIR  COMPRESSORS  AND   PNEUMATIC  TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers  of  "Chicago  Pneumatic''  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Twenty  standard  Air  Compressor  tj-pes,  capacity  8  to  8000  cu.  ft.  per  minute:  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


AIR 
COM- 
PRESSORS 

PNEUMATIC 
TOOLS 


AIR 
COM- 
PRESSORS 

TOOLS 

HOISTS   AND 

SAND 

RAMMERS 


ELECTRICAL   APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically   heated  devices  for  industrial  purposes. 

Largest  manufacturer  of  electrical  apparatus  in  the  world. 


SPRAGUE  ELECTRIC  WORKS 

of  General  Electric  Co. 


527-531  W.  34th  St. 


NEW  YORK 


Manufacturers  of  D.  C.  Generators,  Electric  Motors,  Electric  Hoists, 
Electric  Fans,  Conduits,  Armored  Cable,  Outlet  Boxes,  Armored  Hose. 


ELECTRIC 
DRIVE 


GENERATORS 
MOTORS 
HOISTS 
FANS 


ELECTRICAL  APPARATUS 


DYNAMOS 
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TRANS- 
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WAGNER  ELECTRIC  MFG.  COMPANY 

ST.  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

NEWARK,  N.  J. 

Manufacturers  oi  Miniature  Precision  Instruments  for  Direct  Cur- 
rent.    Over  300  ranges  and  types  for  various  purposes. 


PAPERS  PUBLISHED 

BY 

A. 

S 

.  M 

.  E 

No 
Elect 
The 
1043. 

472.  Electric  Power  Distribution:  H.  C. 
ric  Railway  as  applied  to  Steam  Roads:  B. 
Mechanical  Equipment  of  the  New  South 

Middlesborough  Dock  Electric  and  Hydraul 

Spaulding,   price 
J.  Da.shiell,  Jr., 
Station:    W.  C. 
c  Power  Plant:  V 

so. 20;  No. 
price  $0.10 
verr,  price 
L.  Raven,  f 

485.     The 

No.  845. 

51.00;  No. 

rice  $0.30. 
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THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.      120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 


ONEIDA,  N.  Y 


CHICAGO,  ILL. 


The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  Sh".     Let  us  send  you  our  booklet  illustrating  all  styles. 


THE 

A. 

& 

F. 

BROWN 

CO. 

79  Barclay  St. 

NEW  YORK 

Manufacturers  of  Shaft] 

ng, 

Pulleys,  Hangers, 

etc., 

for  Transmission 

of  Power 

DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Manufacturers  of  everything   for   the   Mechanical   Transmission  of 
Power;   also   Elevating   and   Conveying    Machinery,    and   the    "Eureka" 
Water  Softener.     Send  for  general  catalog  C-10. 
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FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


D.  O.  JAMES  MANUFACTURING  CO. 

1120-22  W.  Monroe  St.  CHICAGO 

Speciahsts  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm 
gears,  rawhide  pinions,  racks,  incased  worm  gear  reductions,  O'K.  speed 
reducing  transmissions  4:1  up  to  1600:1. 


THE  ROCKAYOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved  Apphances  for  the  transmission  of  Power. 
Shafting,  CoupUngs,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


POWER 
TRANS- 
MISSION 
APPLIANCES 
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REDUCING 
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POWER 
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MISSION 


ENGINEERING  MISCELLANY 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 

Aluminum  Ingot,  Sheet,  Rod,  ^Yire,  Cable,  Tubing  and  other  forms. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Size,  Weight  and  Strength.    Large  and  Accurate 
Machine  Work.    Grinding  and  Polishing  Machines. 


ALUMINUM 


CASTINGS 

MACHINE 
WORK 

GRINDING 
MACHINES 
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ROBERTS   FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacitj'. 


THE  H.   B.  SMITH  CO. 

WESTFIELD,  MASS. 

Sectional  Cast   Iron  Water  Tube  and   Return  Flue  Boilers.      Also 
Direct  and  Indirect  Radiators  for  Steam  and  Water  Warming. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
bins,  J.  Riddell  and  discussion,  price  $1.10;  No.  1335.  Variable-speed  Power  Transmission: 
G.  H.  Barrus  and  C.  M.  Menly,  price  SO. 10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving: 
8.  Haar,  price  $0.20;  No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth, 
price  $0.50. 
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BALL 
BEARINGS 


BALL 
BEARINGS 


BALL 
AND 
ROLLER 
BEARINGS 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings, 
Auburn  Special  Ball  Thrust  Bearings,  Auburn  Steel,  Brass  and  Bronze 
Balls,  Solid  and  Hollow. 


THE  FAFNIR  BEARING  COMPANY 

NEW  BRITAIN,  CONN. 

Sales  Agents:  The  Rhineland  Machine  Works  Co.,  140  W  42nd  St.,  New  York  City. 

High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest 
standards  of  accuracy  in  the  world. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

I^argest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.    Steel,  Bronze  and  Brass  Balls. 
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RtEETING    IN    GERMANY:   JUNE   21-JULY   8 


A  NEW  METHOD  OF  ELECTING 
MEMBERS 

In  order  to  provide  against  unnecessary  delays  in  ad- 
mitting to  the  Society  those  well  qualified  for  member- 
ship, a  new  method  of  handling  applications  was  adopted 
at  the  recent  Spring  Meeting. 

Candidates  for  membership  are  posted  in  the  issue  of 
The  Journal  following  the  receipt  of  their  applications. 
A  period  of  40  days  is  given  in  which  members  may  ad- 
vise the  Secretary  of  any  objection  they  may  have  to  the 
election  of  any  individual  (see  page  5). 

At  the  expiration  of  the  time  for  which  an  applicant  is 
posted  the  Membership  Committee  meet  to  consid(M'  each 
application  and  make  recommendation  to  the  Council  as 
to  the  grade  to  which  candidates  who  receive  their  favor- 
able consideration  shall  be  assigned. 

A  list  of  the  candidates,  together  with  the  recommenda- 
tions of  the  Membership  Committee,  is  then  submitted 
to  the  Council  for  vote  by  letter  ballot.  Two  negative 
votes  prevent  an  election  to  membership. 

This  method  of  handling  applications  for  membership 
makes  it  possible  to  pass  upon  well  qualified  candidates 
in  from  70  to  90  days  at  any  season  of  the  year. 

Members  are  requested  to  scrutinize  with  the  utmost 
care  the  lists  of  applicants  published  in  The  Journal  each 
month,  in  order  that  they  may  advise  the  Secretary  of 
any  candidate  whose  eligibility  for  membership  is  in  any 


way  questioned.     All  correspondence  in  regard  to  such 
matters  is  strictly  confidential. 

•  COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

I.  E.  MouLTROP,  Chairman 
H.  V.  O.  CoEs  R.  M.  Dixon  E.  B.  Katte 

F.  H.  CoLviN  W.  R.  Dunn  R.  B.  Sheridan 

J.  V.  V.  CoLWELL  J.  P.  Ilsley  H.  Struckmann 

Chairmen  of  Sub-Committees 

Boston,  A.  L.  Williston  New  York,  J.  A.  Kinkead 
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Cincinnati,  J.  T.  Faig  Si.  Paul,  Max  Toltz 

Cleveland,  R.  B.  Sheridan  San  Francisco,  Thos.  Morrin 

Michigan,  H.  W.  Alden  Seattle,  R.  M.  Dyer 
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The  Society's  stock  of  Volume  6  of  Transactions  is  entirely- 
exhausted  and  to  supply  urgent  demands  copies  will  be  pur- 
chased at  five  dollars  per  volume  if  delivered  at  the  Society 
rooms  prepaid  and  in  good  condition. 

MEETING  IN    GERMANY 

The  trip  to  Germany  so  long  planned  for  and  so  greatly  an- 
ticipated by  those  who  were  able  to  accept  the  invitation  of  the 
Verein  deutscher  Ingenieure,  began  on  June  10  with  the  sailing 
of  the  Victoria  Luise  from  the  Hamburg- American  Line  dock  in 
Hoboken.  News  of  its  safe  arrival  in  Hamburg  on  the  after- 
noon of  Thursday,  June  19,  is  reported  in  a  cable  received  a 
short  time  ago.  The  voyage  was  most  enjoyable,  sunshine  and 
smooth  seas  favoring  the  travelers  all  the  way  and  the  many  so- 
cial features  making  the  ship's  company  resemble  a  yachting 
party  rather  than  an  ordinary  ocean  trip.  About  250  members 
and  guests  composed  the  German  party,  making  up  by  far  the 
greater  portion  of  the  passenger  list.  Fifty  members  and  guests 
joined  the  party  upon  its  arrival  in  Hamburg. 

The  Victoria  Luise  is  one  of  the  largest  and  finest  cruising 
boats  in  the  world,  carrying  only  first-class  passengers,  and  is 
admirably  adapted  to  the  needs  of  a  large  party.  Immediately 
upon  its  arrival  in  Hamburg,  it  was  scheduled  to  convey  Kaiser 
Wilhelm  and  his  royal  party  to  the  yacht  races  at  Kiel. 

Letters  written  just  before  the  close  of  the  trip  across  and 
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mailed  at  Cherbourg  have  been  received  just  as  The  Journal  is 
on  the  press  and  some  account  can  here  be  given  of  the  various 
events  on  shipboard.  The  first  three  days  were  fair  with  smooth 
seas  and  quite  warm  temperature  in  the  gulf  stream,  and  the 
succeeding  days  brought  a  freshening  breeze  with  a  somewhat 
choppy  sea,  though  not  of  a  nature  to  cause  discomfort. 

The  Entertaiiunent  Committee,  Prof.  Arthur  M.  (Ireene,  Jr., 
chairman,  had  arranged  so  full  a  program,  to  which  the  ship's 
company  in  general  were  invited,  that  almost  every  hour  of  the 
passage  was  eventful.  Indeed,  the  person  must  have  been  indif- 
ferent who  could  long  remain  in  his  steamer  chair,  oblivious  to 
the  jollity  in  progress. 

The  first  gathering  was  held  on  Wednesday  evening,  the  sec- 
ond day  out,  when  the  ship's  officers  and  the  present  and  past 
officers  of  the  Society  received  the  company,  after  which  was  the 
all-important  function  of  swearing  in  the  special  and  secret  po- 
lice, with  Frank  B.  Gilbreth  as  chief.  In  his  speech  of  accept- 
ance, Mr.  Gilbreth  reverted  for  a  moment  to  thoughts  of  mem- 
bers left  on  the  home  shore,  and  proposed  sending  a  congratula- 
tory wireless  to  James  M.  Dodge,  who  on  the  day  previous  had 
received  the  degree  of  Doctor  of  Engineering  at  Stevens  Insti- 
tute of  Technology. 

Unfortunately  the  chief's  reign  in  the  interest  of  good  order 
was  somewhat  checked  on  Friday  evening,  when  he  was  himself 
arrested  on  several  serious  charges  and  brought  before  the  court, 
Worcester  R.  Warner,  presiding  judge,  for  mock  trial.  One  of 
the  indictments  was  that  he  had  permitted  passengers  to  exceed 
the  speed  limit  of  twelve  knots  an  hour  on  the  deck  in  the  early 
morning.  Several  of  the  leading  engineering  experts  of  the 
country  were  called  upon  to  testify  and  much  scientific  evidence 
was  educed.  The  jury,  however,  disagreed,  but  since  they  be- 
lieved that  some  one  should  be  convicted,  the  chief's  deputies 
were  sentenced  instead. 

The  strongest  of  the  entertainment  features  were  the  lectures 
given  on  different  evenings,  bearing  upon  the  land  trip  to  come. 
The  first,  by  Henry  Hess,  traced  the  history  of  the  German  Em- 
pire and  the  steps  which  have  led  to  the  unificati(  n  of  the  states, 
and  to  the  present  industrial  activity.  By  several  pertinent  ex- 
amples, he  showed  his  hearers  that  much  that  was  called  mod- 
ern in  engineering  was  really  perhaps  centuries  old. 

A  second  lecture  on  German  Art,  by  Prof.  H.  E.  Clifford,  gave 
in  a  delightful  manner  a  summary  of  the  work  of  German  artists. 
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conteiuling  that  Germany  lias  recently  developed  no  character- 
istic art  in  paintings,  but  instead  has  easily  become  the  leader  in 
the  world's  music. 

I'he  third  lecture,  by  Worcester  R.  Warner,  on  (xerman  Cities, 
took  the  audience  through  the  cities  of  the  scheduled  trip  by  the 
aid  of  lantern  slides  and  gave  figures  upon  their  growth  and  the 
conmiercial  conditions  of  (xer.i  any.  The  concluding  lecture  on 
the  German  Educational  System,  by  Prof.  C.  R.  Richards,  was 
arranged  for  Wednesday  evening,  June  IS,  and  had  not  yet  been 
given  when  the  letter  was  written. 

On  Monday,  June  16,  the  twenty-fifth  anniversary  of  the  ac- 
cession of  Emperor  Wilhelm  II  to  the  throne  was  celebrated 
throughout  Germany,  and  in  honor  of  the  occasion.  Captain  M. 
Meyer  of  the  Victoria  Luise  gave  a  Silver  Jubilee  dinner  on 
Sunday  night,  June  15.  The  dinner  was  excellent,  and  the  sa- 
loon handsomely  decorated  for  the  occasion.  The  captain  in  a 
brief  speech  spoke  feelingly  of  the  three  emperors,  Wilhelm  I, 
Frederick,  and  Wilhelm  II.,  and  said  that  Germans  are  every- 
where and  would  do  homage  throughout  the  world  to  the  pres- 
ent emperor. 

Prof.  Wm.  H,  Carpenter,  vice-president  of  Columbia  Uni- 
versity and  president  of  the  Germanic  Society  of  America,  who 
was  a  passenger  on  the  ship,  appropriately  gave  the  response. 
He  dwelt  on  the  supposed  warlike  tendencies  of  Wilhelm  II,  his 
love  of  pomp  and  ceremony,  and  of  the  fears  of  the  world  that 
it  meant  war  and  a  military  rule  when  he  came  to  the  throne. 
Instead,  his  strengthening  of  the  military  arm  of  Germany  has 
been  for  the  purpose  of  maintaining  German  unity  and  fostering 
industrial  development  under  the  assurance  of  peace.  He  con- 
trasted the  industrial  activity  of  today  with  the  lack  of  it  thirty- 
five  years  ago  when  he  himself  was  a  German  student. 

This  dinner,  the  regular  "  Captain's  dinner,''  which  came  later, 
and  an  admirable  Sunday  service,  all  added  pleasure  to  the  com- 
pany's pastime.  Numerous  other  events,  sports,  gauges  and  con- 
tests and  even  a  baby  show  aroused  an  interest  which  would  not 
be  possible  on  land  where  there  are  conflicting  and  greater  out- 
side interests.  Perhaps  as  much  interest  was  felt  in  the  Wireless 
Contest  as  in  any  one  thing.  This  required  the  writing  of  a  mes- 
sage of  twenty  words  in  rhyme,  and  from  the  85  entries  two 
were  declared  to  be  equally  good,  so  that  the  judges  could  not 
decide  between  them.  The  winning  gentleman  withdrew  in 
favor  of  the  lady,  who  was  permitted  as  a  reward  to  send  a  gen- 
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uine  message  of  ten  words.     Two  dances  were  given  during  the 
trip,  one  of  them  a  cotillion. 

The  best  evidence  of  the  happy  frame  of  mind  of  all  con- 
cerned is  contained  in  the  following  resolution  which  those  of 
the  company  not  members  of  the  Society  presented  to  the  party : 

"As  passengers  on  board  this  ship, 
We  thank  the  engineers. 
For  all  they  did  to  make  this  trip 
The  pleasantest  in  years. 

"  They  helped  us  pass  the  time  away 
And  made  dull  hours  short, 
With  games  and  contests,  dance  and  play, 
And  every  kind  of  sport. 

"  Whoe'er  we  are,  where'er  we  sit, 
Or  what  our  name  may  be, 
They  gave  us  all  a  hearty  bid 
To  share  their  jollity. 

"  Full  many  of  the  passengers 
Joined  in  their  cheerful  ranks. 
And  now  we  place  our  signatures 
Beneath  this  vote  of  thanks." 

At  Plymouth,  where  the  ship  arrived  on  Wednesday  morning, 
at  five  o'clock,  representatives  of  the  Verein  deiitscher  Inge- 
nieiire  came  aboard  to  greet  the  Society.  These  were  E.  Kroebel, 
Dr.  I.  Milsen,  Prof.  G.  Frasch,  and  Prof.  Conrad  Matschoss. 
The  Hamburg- American  Line  was  also  represented  by  Aug.  Jo- 
seph, H,  Schulte-Pellaim  and  Carl  H,  Lody. 

A  complete  account  of  the  meeting  abroad  will  appear  in  sub- 
sequent issues. 

KELVIN  MEMOEIAL  WINDOW 

The  Kelvin  Memorial  Window  which  has  been  erected  in  West- 
minster Abbey  in  memory  of  Lord  Kelvin,  the  designer  of  the 
first  successful  apparatus  for  ocean  cables,  will  be  unveiled  on 
July  15  with  a  suitable  dedication  ceremony.  The  Society  which 
is  one  of  the  eighteen  engineering  organizations  here  and  abroad 
participating  in  this  memorial  will  be  represented  at  the  unveil- 
ing, some  of  the  members  in  attendance  at  the  German  meeting 
going  to  England  for  the  purpose. 

The  general  design  of  the  window  is  of  the  same  character  as 
that  of  the  Baker  Window  near  which  it  has  been  placed,  erected 
several  years  ago. 
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APPLICATIONS    FOR    ELECTION 

The  Membership  Committee  have  received  appHcations  from  the 
following  candidates.  Any  member  objecting  to  the  election  of  any 
of  these  candidates  should  inform  the  Secretary  before  August  15, 
1913: 


Anderson,  Ross,  Bridgeville,  Pa. 
Beckwith,  Henry  C,  Portland,  Ore. 
Black,  George,  Troy,  N.  Y. 
Bkinley,  Charles  E.,  Philadelphia,  Pa. 
Brock,  Clarence  A.,  Worcester,  Mass. 
Brtce,  Richard  M.,  Easton,  Pa. 
Buckingham,  Earle,  Hartford,  Conn. 
BucKWALTER,  TPACY   V.,  Altoona,  Pa. 
Burling,   Herbert  S.,  Summit,  N.  J. 
Bushnell,  Leonard  T.,  Seattle,  Wash. 
Dargert,  Henry  D.,  Salamanca,  N.  Y. 
DuFTY,  Arthur,  Lafayette,  Ind. 
Ellis,  Henry  G.,  Ansonia,  Conn. 
Fitzsimmons,  James  C,  San  Francisco,  Cal. 
Frink,  Gerald,  Seattle,  Wash. 
Gersoni,  Louis  J.,  Brooklyn,  N.  Y. 
Givan,  Albert,  Sacramento,  Cal. 
Haines,  Philip  G.,  Rochester,  N.  Y. 
Heimann,  Leopold,  Elizabeth,  N.  J. 
Hibbard,  Robert  L.,  Leetsdale,  Pa. 


Keuffel,  Carl  W.,  Hoboken,  N.  J. 
Long,  L.  Guy,  Indianapolis,  Ind. 
LovELAND,  George  E.,  Palraerton,  Pa. 
McArdell,  Wesley  E.,  Brooklyn,   N.  Y. 
Mitchell,  Guy  K.,  Baltimore,  Md. 
Palmer,  Rafael  M.,  San  Juan,  Porto  Rico 
Parker,  Daniel  Holmes,  Windsor,  Vt. 
Peters,  R.  F.,  San  Antonio,  Texas 
Porter,  Finley  R.,  Trenton,  N.  J. 
Ralli,  Victor  P.,  New  York 
Ruble,  Joseph  S.,  Cleveland,  Ohio 
ScHUCHART,  Theodore,  Miilheim,  Germany 
Sellew,  William  H.,  Detroit,  Mich. 
South,  Furman,  Jr.,  Edgeworth,  Pa. 
Sponsel,  John  G.,  Urbana,  111. 
Stratton,  Samuel  W,,  Washington,  D.  C. 
Taber,  Wm.  B.,  Radnor,  Pa. 
Waring,  Chas.  A.,  Dayton,  Ohio 
Welchans,  Bertram  G.,  Hamilton,  Canada 
Weld,  Alfred  O.,  Winchester,  Mass. 


Howie,  Howard  Benson,  Chattanoog.i,  Tcnn.        Whight,  Stanley,  St.  Louis,   Mo. 

promotion  from  associate 
Nelson,  James  W.,   Brooklyn,   N.  Y.  Wilson,  Lester  G.,   Norfolk,   Va. 

promotion  from  juniors 

Goes,  Harold  V.,  Boston,  Mass.  Montgomery,  Stafford,  Riverside,  111. 

Swartwout,  Everett  W.,  Chicago,  111. 

SUMMARY 

New  applications 42 

Promotion  from  Associate 2 

Promotion  from  Junior 3 

Total 47 


CHRONOLOGY  OF  AVIATION 

The  Society  has  received  from  Mr.  Hudson  Maxim  and  Mr. 
William  J.  Hammer,  a  limited  number  of  their  very  complete 
Chronology  of  Aviation,  originally  prepared  for  the  World's 
Almanac  of  1911,  and  recently  issued  in  pamphlet  form.  The 
data  embrace  the  essential  facts  relating  to  aerial  progress,  giv- 
ing, in  addition  to  a  short  historical  resume,  tables  showing  alti- 
tude and  quick  starting  and  slow  speed  records,  and  passenger 
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carrying  records,  with  accounts  of  English  channel  and  other 
over-water  flights,  cross-country  flights,  and  notable  distance  and 
duration  flights.  There  are  also  statistics  relating  to  accidents 
and  data  relative  to  spherical  and  dirigible  balloons  or  airships, 
etc.  Of  no  small  interest  are  the  tables  giving  the  most  important 
work  of  the  Wright  brothers. 

Any  member  of  the  Society  who  is  interested  in  this  subject 
and  who  would  be  glad  to  secure  a  copy  of  this  interesting  bro- 
chure, may  do  so  by  applying  to  the  Secretary. 


THE   FIRE   HAZARD   IN   TURBO-GENERATORS 

By  G.  S.  Lawler 
ABSTRACT  OF  PAPER 

There  is  great  chance  that  serious  fire  damage  will  follow  arcing  in  turbo- 
generators, due  to  the  large  amount  of  exposed,  concentrated,  combustible  in- 
sulation, the  large  amount  of  energy  usually  involved  in  a  short  circuit,  the  large 
quantity  of  oxygen  supplied  with  the  cooling  air  and  the  inaccessibility  of  the 
fire. 

In  addition  to  the  ordinary  causes,  arcing  may  occur  in  turbo-generators  due 
to  distortion  of  stator  coils  and  injuiy  to  insulation  caused  by  heavy  rushes 
of  current  unless  reactance  is  provided  to  limit  the  amount  of  cm-rent.  Generators 
provided  with  sufficient  reactance  may  not  give  trouble  until  near  the  end  of 
their  life,  when  short  circuits  from  ordinary  causes  may  be  expected.  Most 
generators  are  not  discarded  until  after  at  least  one  short  circuit  has  occurred. 

To  reduce  the  chance  of  fire  damage,  it  is  suggested  that  exposed  coils  have 
non-combustible  outer  covering,  the  cooling  air  be  filtered  and  automatically  cut 
off  at  time  of  fire  and  that  at  the  same  time  carbon  dioxide  gas  be  introduced. 

On  account  of  their  value  and  the  serious  results  sometimes  occurring  when 
their  service  is  interrupted,  it  is  important  that  turbo-generators  be  protected 
from  fire. 


1091 


THE   FIRE   HAZARD   IN    TURBO-GENERATORS 

By  G.  S.  Lawler,  '   Boston,   Mass. 

Non-Member 

Tlie  chances  of  electric  o:enerators  of  the  older  types  being 
seriously  injured  by  fire  in  the  event  of  son'.e  part  of  the  insula- 
tion failing  is  slight.  Occasionally  arcing  Avill  ignite  the  insu- 
hiti(ni  at  some  point,  l)ut  it  is  seldom  that  the  fire  will  spread 
much  before  it  is  extinguished.  This  freedom  from  fire  damage 
is  due  principally  to  the  comi)aratively  low  speeds,  the  accessi- 
bility of  the  c(mibustible  insulation,  and  the  fact  that  the  ma- 
chines being  of  large  mass  per  imit  capacity,  the  insulation  is 
considerably  distributed. 

2  This  condition  of  practical  freedom  from  fire  is  reversed 
in  the  case  of  generators  of  the  turl)o  type,  for  when  a  short  cir- 
cuit occurs  in  one  of  them  there  is  a  great  chance  that  the  insula- 
tion will  be  ignited  and  the  machine  be  badly  damaged;  in  fact 
such  damage  has  occurred  in  a  number  of  instances. 

3  The  chief  causes  of  the  increased  hazard  in  the  more  modern 
type  generators  are  as  follows : 

a  The  volume  occupied  by  this  type  of  machine  is  very 
much  less  for  the  same  capacity  than  that  of  the  older 
types  of  generators,  so  that  the  combustible  insulation 
is  more  concentrated  and,  therefore,  much  of  it  is  ex- 
posed, even  to  a  slight  arc  or  fire.  The  covering  on 
the  conductors  depends  greatly  for  its  insulating 
qualities  on  the  presence  of  oils  or  gums  of  a  higlily 
combustible  nature.  The  amount  of  this  combustible 
insulation  on  the  higher  voltage  generators  is  natu- 
rally greater  than  in  the  low  voltage  machines. 

Owing  to  turbo-generators  having  only  a  few  poles  the 
end  connections  between  slots  form  a  large  proportion 
of  the  total  length  of  conductors,  in  fact  in  some 
'  Eleo.  Engr.,  Inspection  Dept.,  Assoc.  Mut.  Fire  Ins.  Cos..  31  Millv  St. 
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designs  approximately  one-half  of  the  coils  are  out- 
side  of  the  slots.     These  end  connections,   one-half 
being  on  one  side  of  the  machine  and  one-half  on  the 
other,  are  exposed  to  fire,  and  as  with  a  pile  of  loosely 
laid  sticks,  fire  will  rapidly  extend  from  the  insula- 
tion on  one  coil  to  that  on  the  others. 
h     Owing  to  these  generators  being  of  exceedingly  large 
capacity  in  many  instances,  (one  of  30,000  kva.  capac- 
itj''  now  being  constructed)   an  enormous  amount  of 
energy  is  involved  in  a  short  circuit,  especially  at  the 
instant  the  short  occurs  and  as  the  arc  is  confined  in 
the  limited  space  with  the  combustible  insulation,  it 
would  seem  impossible  for  the  insulation  to  escape 
being  set  on  fire  at  many  points  simultaneously. 
c    The  machines  are  cooled  by  forcing  large  quantities  of 
air  through  the  spaces  between  the  conductors.     The 
large  and  constantly  renewed  supply  of  oxygen  will 
hasten  combustion  when  it  is  once  started. 
The  air  is  given  somewhat  of  a  rotary  motion  by  the 
rapidly   revolving   rotor   which   has   the   ventilating 
vanes  on  it  and  consequently  fire  when  started  will 
be  quickly  swept  around  the  exposed  insulation. 
d    The  generators  are  totally  encased  with  the  exception 
of  the  air  inlets  and  outlets  and  even  these  in  some 
designs  are  under  the  machines.     This  construction 
prevents  access  to  a  fire  and  much  valuable  time  will 
necessarily  be  consumed  before  extinguishing  agents 
can  be  used  effectively.    When  the  field  current  is  cut 
off,  as  is  necessary  in  case  of  short  circuit,  the  only 
means  of  bringing  the  rotor  quickly  to  rest  is  lost  and 
it  will  continue  to  run  for  a  long  time  after  the  steam 
has  been  shut  off.     Some  machines  will  run  for  over 
an  hour.    This  continued  rotation  is  not  conducive  to 
the  quick  extinguishing  of  fire,  especially  when  the 
ventilating  vanes  are  mounted  on  the  rotor. 
4     In  addition  to  the  possible  causes  of  arcing  existing  in  the 
case  of  the  older  types  of  generators,  the  turbo-generator  is  sub- 
ject to  momentary  large  current  rush  at  instant  of  short  circuit, 
even  if  the  short  is  external  to  the  machine  itself,  unless  means 
are  taken  to  keep  the  current  within  safe  limits.    The  heavy  rush 
of  current  causes  mechanical  stresses  in  the  conductors,  which  in 
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some  cases  are  severe  enough  to  distort  the  conductors,  especially 
where  outside  the  slots,  and  to  injure  the  insulating  covering, 
resulting  in  a  short  circuit  within  the  generator  itself.  In  some 
designs  the  internal  reactance  of  the  machines  will  permit  of  the 
momentary  current  rush  amounting  to  40,  or  possibly  more,  times 
the  normal  full-load  current  of  the  machines. 

5  The  possibility  of  the  conductors  being  distorted  has  been 
reduced  in  some  cases  by  designing  generators  with  sufficient  in- 
ternal reactance,  or  by  providing  external  reactance  such  that  the 
current  at  tlie  moment  of  short  circuit  will  not  be  great  enough 
to  damage  the  generators.  Attention  has  also  been  given  to  sup- 
porting the  stator  end  connections  to  prevent  their  distortion. 
These  means  have  undoubtedly  greatly  increased  the  safety  of 
the  turbo-type  of  generator  from  possibilities  of  internal  short 
circuit,  but  in  no  w^ay  tend  to  prevent  a  fire  resulting  should  an 
arc  occur. 

G  A  short  circuit  in  the  rotor  will  probably  not  result  in  a 
severe  fire  unless  under  exceptional  conditions.  This  is  also  true 
if  the  short  circuit  occurs  inside  of  a  stator  slot.  A  short  circuit 
involving  a  stator  coil,  however,  is  more  apt  to  occur  at  the  end 
of  the  slot  where  the  conductors  are  exposed. 

7  As  asbestos  is  now  used  largely  for  insulating  the  rotor 
windings  and  as  these  windings  are  well  protected,  it  is  probable 
that  only  in  cases  of  severe  fire  in  a  machine  will  the  rotor  wind- 
ings be  damaged  to  any  extent. 

S  While  the  generators  may  be  free  from  fires  during  the 
earlier  portions  of  their  life  owing  to  the  proper  use  of  reactances 
which  prevent  external  tr(jubles  seriously  affecting  the  machines, 
as  they  get  older  the  ordinary  causes  of  brealvdown  of  insulation 
ai'e  liable  to  occur  and  fires  result.  Probably  in  most  cases  gen- 
erators will  not  be  discarded  until  some  trouble,  usually  in  the 
nature  of  a  short  circuit,  has  occurred  at  least  once  in  each,  so 
that  it  is  reasonable  to  expect  that  unless  further  preventative 
means  are  taken,  turbo-generators  stand  a  good  chance  of  serious 
damage  b)'^  fire  at  some  time  during  their  life.  Although  many 
fires  have  occurred,  probably  most  of  them  have  happened  dur- 
ing the  generator  development  stage.  Generators  of  the  turbo 
type  are  of  such  recent  production  that  none  of  them  has  yet 
reached  a  life  which  could  be  considered  old  and,  therefore,  the 
troubles  which  can  be  expected  near  the  end  of  their  life  by  fire 
have  still  to  come. 
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9  Undoubtedly  the  manufacturing  companies  have  given  seri- 
ous thought  to  the  matter  of  the  reduction  of  the  fire  hazard  in 
turbo-generators  and  have  employed  all  means  practical  at  the 
present  time  to  this  end,  but  there  is  still  very  much  to  be  de- 
sired. The  following  several  means  if  taken  together  would  seem 
to  minimize  the  chances  of  a  serious  fire: 

«.  If  a  suitable  material  could  be  found  a  non-combusti- 
ble outer  covering  could  be  placed  over  the  insulation 
on  the  stator  end  connections.  This  woidd  greatly 
delay  the  spread  of  fire  and  even  if  no  other  protective 
means  were  taken,  would  undoubtedly  prevent  much 
serious  damage.  Where  fire  extinguishers  were  used 
the  covering  Avould  at  least  hold  back  the  fire  until 
they  could  be  brought  into  play.  At  present  no  mate- 
rial suitable  for  such  a  covering  appears  to  be  avail- 
able. 
h  If  a  non-combustible  outer  covering  should  be  put  on, 
its  advantages  would  be  partially  lost  in  time  unless 
the  cooling  air  were  freed  of  the  dirt  and  oily  vapor 
liable  to  be  in  it.  This  could  be  done  by  filtering,  as 
has  already  been  advocated  several  times. 
c  Means  could  be  provided  for  cutting  off  the  air  supply 
in  case  of  fire  in  generators  by  placing  dampers  in 
the  inlet  ducts  designed  so  as  to  be  normally  held  open 
by  fusible  links.  The  links  could  be  placed  so  that 
they  would  be  quickl}^  fused  hy  the  heat  and  allow 
the  dampers  to  close  automatically.  By  reducing  the 
oxygen  supply  to  that  entering  by  leakage  the  action 
of  the  fire  would  be  slow. 
d  Arrangements  could  be  provided  for  the  quick  intro- 
duction of  carbon  dioxide  gas  into  the  machines.  The 
carbon  dioxide  could  be  kept  in  liquid  form  and  piped 
through  valves,  expansion  tanks,  etc.,  to  the  genera- 
tors. The  valves  could  be  arranged  to  be  opened  by 
the  closing  of  the  air  inlet  dampers  so  that  the  gas 
would  be  automatically  introduced  into  the  genera- 
tors. This  gas  would  be  very  effective  in  extinguish- 
ing fires  inside  the  machines  after  the  air  supply  had 
been  cut  off. 
10  The  employment  of  some  efficient  method  of  reducing  the 
fire  hazard  in  generators  of  the  tnrlx)  type  either  along  the  lines 
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mentioned  or  in  some  other  way  is  important.  The  vahie  of  these 
generators  is  great  and  the  damage  by  fire  may  amount  to  a 
considerable  proportion  of  the  first  cost.  It  is  probable  that  the 
damage  is  more  liable  to  occur  towai'ds  the  end  of  the  life  of  the 
generators,  but  e^en  then  the  loss  may  be  large,  both  directly 
and  indirectly.  The  large  central  stations  have  reserve  units  so 
that  the  increased  damage  due  to  fire  in  one  of  their  generators 
would  probably  not  affect  the  continuity  of  service,  but  the  in- 
creased time  necessary  for  repairs  may  l)e  long  and  during  this 
time  the  reserve  capacity  will  be  weakened.  In  the  case  of  in- 
dustrial plants  the  longer  time  needed  for  repairs  might  be  seri- 
ous. Many  manufacturing  concerns  Avho  generate  their  own  cur- 
rent depend  on  only  one  unit  and,  therefore,  their  whole  produc- 
tion, or  a  large  part  of  it,  would  be  affected. 


THE    CENTRIFUGAL    BLOWER    FOR    HIGH 
PRESSURES 

By  Henry  F.  Schmidt,  Published  in  The  Journal  for  November  1912 
ABSTRACT  OF  PAPER 

In  this  paper  the  author  gives  the  essential  elements  of  blower  design  in  con- 
venient form  for  reference.  An  equation  is  derived  representing  the  work  done 
in  a  centrifugal  blower  and  the  differences  between  this  type  and  a  piston  com- 
pressor are  discussed.  There  is  a  discussion  of  efficiencies  and  characteristics  of 
impellers  in  series,  of  guide-vane  and  volute  types  of  blowers  and  variations  of 
pressure  in  the  case  of  guide-vane  blowers  as  the  volume  of  discharge  in- 
creases. The  theory  of  diffusion  vanes  is  examined  in  detail,  and  an  equation 
for  the  loss  of  kinetic  energy  derived. 

Design  of  volute  blowers  is  taken  up  and  discussion  of  the  influence  of  the 
relation  between  efficiency  curve  and  discharge  rate,  as  well  as  between  the 
blower  characteristic  and  efficiency  curve  in  this  type  of  blower;  an  equation  for 
the  velocity  conversion  efficiency  is  derived,  and  the  constancy  of  pressm-e  in  a 
blower  having  a  free  vorte  mathematically  demonstrated.  The  Westinghouse 
design  of  volute  blower  is  used  for  illustration. 

The  latter  part  of  the  article  is  devoted  to  methods  of  testing  and  calculation 
of  centrifugal  blowers. 

DISCUSSION 

W.  H.  Carrier  objected  to  the  author's  statement  that  the  loss 
in  radial  flow  is  overcome  by  the  use  of  the  volute  casing.  This 
thing  was  tried  out  some  years  ago  in  pumps,  but  found  by 
means  of  tests  to  be  of  no  advantage.  As  to  the  loss  at  the  inlets, 
everything  depends  on  the  relative  length  of  the  blades,  as  the 
author  admitted,  a  fact  which  the  designers  of  centrifugal  ma- 
chinery have  taken  advantage  of  by  proportioning  the  inlets  of 
their  vanes  properly.  The  speaker  made  tests  some  years  ago  to 
determine  the  proper  size  of  inlets  for  a  given  quantity  of  air 
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and  speed.  There  is  a  relationship  which  can  be  proved  both 
mathematically  and  experimentally,  between  air  per  minute, 
speed  and. diameter  of  the  inlet,  the  diameter  of  the  inlet  being 
determined  by  the  other  two.  A  fan  can  be  very  inefficient  if  the 
inlet  be  too  large  or  too  small  for  a  given  speed  and  a  given 
quantity  of  air,  and  there  actually  are  many  such  inefficient  fans 
on  the  market. 

C.  J.  H.  Woodbury  said  that  the  drawings  of  the  com- 
pressicm  of  air  do  not  represent  what  takes  place  in  the  blower. 
They  represent  the  streams  of  issuing  air  as  though  they 
were  streams  of  water  running  through  a  river,  whereas  it  is 
merely  a  dilfercnce  in  density  which  might  be  represented  by 
lines  nearer  together.  The  speaker  also  called  attention  to  another 
form  of  centrifugal  blower,  in  which  augmentation  of  radial  effi- 
ciency of  the  pressure  is  obtained  by  making  the  vanes  of  variable 
thickness,  so  as  to  make  the  spaces  between  the  blades  at  the 
periphery  less  than  at  the  sides  towards  the  center,  or,  in  other 
words,  applying  the  principle  of  a  hose  nozzle  to  a  blower. 

R.  H.  Rice,  in  a  written  discussion,  made  the  following  objec- 
tions to  some  of  Mr.  Schmidt's  statements  as  the  result  of  an 
extended  experience  in  the  design  and  construction  of  such  ap- 
paratus running  into  the  installation  and  operation  of  many  hun- 
dreds of  sets,  as  well  as  an  immense  amount  of  experimental  and 
research  work  conducted  under  his  direction. 

In  Par.  8  Mr.  Schmidt  reaches  the  conclusion  that  the  maxi- 
mum efficiency  of  a  centrifugal  compressor,  without  conversion 
of  the  final  velocity  of  air  into  pressure,  can  be  only  50  per  cent 
as  a  maximum,  neglecting  all  losses.  This  conclusion  is  correct. 
It  is  also  correct,  as  he  states  in  this  same  paragraph,  that  there 
are  three  means  of  efTecting  this  conversion.  But  in  Par.  9  he 
admits  that  the  first  method  is  the  most  efficient  at  the  designed 
capacity,  while  incorrectly  stating  that  this  method  is  inefficient 
at  large  and  small  discharge  rates. 

In  Par.  11  he  states  that  diffusion  tubes  attached  to  the  dis- 
charge are  inefficient,  but  he  incorrectly  gives  the  reason  for  this 
inefficiencv.  The  dilfusion  tube  is  simply  the  down-stream  half 
of  a  venturi  meter,  and  we  are  all  familiar  with  the  fact  that 
venturi  meters  are  efficient  for  measuring  both  compressible  and 
incompressible  fluids.     If  this  portion  of  the  meter  were  ineffi- 
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cient  as  a  converter  of  velocity  into  pressure,  the  meter  itself 
would  be  ineliicient.  The  reason  for  the  inefficiency  of  a  diffusion 
tube  attached  to  the  discharge  is  the  long  and  tortuous  path  which 
the  air  is  required  to  pass  over  after  leaving  the  impeller  before 
reaching  the  dill'usion  tube ;  and  the  fact  that  this  air  moves  at  a 
very  high  velocity  in  so  doing. 

In  I*ars.  12  and  13,  Mr.  Schmidt  shows  that  the  efficiency  of 
the  centrifugal  blower  remains  the  same  with  a  reduced  number 
of  revolutions  provided  the  volume  is  reduced,  but  does  not  give 
the  law,  which  is,  that  quantity  divided  by  number  of  revolutions, 

Q 

— . '  must  be  constant. 

N 

In  Par.  15,  it  is  stated  that  the  characteristics  of  a  guide  vane 
blower  are  shown  by  Fig.  G,  and  that  the  pressure  fluctuates  in 
such  a  machine  throughout  the  range  of  volume.  This  statement 
is  quite  incorrect.  The  only  fluctuations  of  pressure  met  with 
in  a  guide  vane  blower  are  those  due  to  a  rising  pressure  charac- 
teristic at  the  early  part  of  the  volume  pressure  curve;  and  in  a 
properly  designed  volute  blower  the  pressure  volume  curve  has 
the  same  characteristics  and  the  same  fluctuations  are  met  with. 
In  the  guide  vane  compressor  when  properly  designed  there  are 
no  pressure  fluctuations  for  loads  greater  than  1/3  or  I/2  of  the 
rated  volume  as  can  be  seen  by  inspection  of  any  of  several  hun- 
dreds of  these  machines  which  the  writer  has  designed  and  which 
are  now  in  operation  all  over  the  country.  Furthermore  the  rela- 
tion of  the  pressure  and  efficiency  curves,  shown  in  Fig.  6,  are 
those  of  an  improper  design.  No  designer  experienced  in  the  art 
of  guide  vane  blower  construction  would  find  it  necessary  to  place 
the  peak  of  the  efficiency  curve  at  a  point  where  the  pressure  has 
dropped  to  less  than  half  the  maximum.  Consequently,  the  con- 
clusions drawn  from  inspection  of  Fig.  6  are  incorrect  both  as 
regards  the  character  of  the  pressure  curve,  and  as  regards  the 
relation  of  the  pressure  curve  to  the  efficiency  curve. 

In  general  a  volute  blower  will  have  larger  dimensions  than  a 
guide  vane  blower  to  effect  the  same  result;  and  the  frictional 
and  eddy  losses  in  a  volute  blower  w^ill  be  greater  than  those  in  a 
guide  vane  type,  due  to  the  imperfect  guidance  of  the  air  and 
somewhat  greater  surface  exposed  to  friction. 

In  Par.  18,  Mr.  Schmidt  states  that  no  pressure  is  created  by 
the  diffuser  type,  or,  by  implication,  by  the  discharge  vane 
machine,  when  no  volume  is  being  delivered.    This  statement  is, 
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however,  not  correct.  An  appreciable  increase  in  pressure  over 
that  due  to  the  centrifugal  effect  is  met  with  in  properly  designed 
discharge  vane  machines. 

In  Par.  23,  Mr.  Schmidt  states  that  the  volute  blower  shown 
in  Fig.  5  has  an  entirely  different  characteristic,  the  theoretical 
characteristic  being,  namely,  a  perfectly  straight,  or  constant 
pressure,  line  for  any  delivery.  This  characteristic  is  not  peculiar 
to  volute  blowers  and  referring  to  Par.  24,  it  is  shown  in  Fig.  22 
that  the  characteristics  of  the  efficiency  curve  are  the  same  in 
both  types  of  machines,  with  the  exception  that  the  peak  of  the 
efficiency  curve  in  the  volute  machine,  shown  by  Mr.  Schmidt,  is 
much  lower  than  the  peak  of  the  efficiency  curve  in  a  properly 
designed  discharge  vane  machine  for  the  reasons  before  set  forth. 

The  real  reason  for  the  flat  pressure  curve  of  Mr.  Schmidt 
(Figs.  7  and  10)  is  that  he  is  not  getting  the  proper  conversion 
of  ^'elocity  into  pressure  as  the  load  comes  on;  therefore,  he  is 
not  realizing  from  a  given  diameter  of  impeller  the  full  amount 
of  pressure  possible  with  good  design.  In  this  connection  Fig. 
23  shows  a  machine  with  good  velocity-pressure  conversion  (in 
full  line),  and  the  dotted  lines  show  the  result  to  be  obtained  if 
the  velocity  was  not  fully  converted  into  pressure  in  the  volute. 
This  figure  refers  to  a  machine  with  volute  casing,  no  discharge 
vanes,  and  so-called  free  vortex. 

Pars.  30-34  are  devoted  to  an  attempt  to  show  that  a  radial 
inlet  taking  the  air  without  shock  is  not  inefficient.  The  obvious 
answer  to  this  contention  is  Par,  35  in  which  it  is  shown  that  in 
an  attempt  to  overcome  the  losses  of  such  impellers,  the  inlet  is 
made  in  the  form  of  a  volute  and  forced  vortex.  No  doubt  such 
a  construction  can  be  made  to  increase  the  efficiency,  or  decrease 
the  losses  of  impellers  with  radial  inlets,  but  it  is  impossible 
that  this  construction  should  give  as  satisfactory  results  as  the 
one  in  which  the  edges  of  the  impellers  are  formed  to  take  the 
air  without  shock  and  without  whirling,  and  extensive  experi- 
ments show  that  it  does  not. 

In  Par.  37  Mr.  Schmidt  states  that  there  is  only  one  good  con- 
struction for  impellers.  Engineers  who  are  accustomed  to  deal 
with  the  problems  of  actual  design  will  realize  the  impossibil- 
ity of  fixing  on  any  one  construction  as  the  best  for  all  circum- 
stances. Furthermore,  Mr.  Schmidt  makes  it  appear  to  be  im- 
possible to  construct  successfully  a  multi-stage  machine  since  he 
states  that  the  disks  should  not  be  provided  with  any  hub  or  hole 
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Fig.  22     Efficiency  Curves  of  Volute  and  Discharge  Vane  Machines 
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Fig.  23    Pressure  Characteristic  of  Machine  with  Volute  Casing,  Free 
Vortex  and  No  Discharge  Vanes 
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for  the  shaft.  The  fact  that  hundreds  of  machines  are  operat- 
ing with  this  form  of  construction  apparently  has  no  weight 
with  Mr.  Schmidt.  This  question  is  safely  left  to  the  judgment 
of  engineers  as  to  the  possibilities  of  the  situation. 

In  Par.  36  the  author  states  that  his  straight  radial  blades  are 
the  only  ones  which  can  be  used  except  at  the  lowest  speeds. 
The  impeller  illustrated  in  Fig.  24,  which  has  the  blades  so  ar- 
ranged that  all  the  metal  is  disposed  along  radial  lines  (while  at 
the  same  time  the  air  is  met  without  shock),  shows  that  there  are 


Fig.  24     Impeller  with  Metal  Arranged  along  Radial  Lines 


constructions  not  mentioned  by  Mr.  Schmidt,  which  are  adequate 
for  all  situations. 

It  will  be  noted  in  the  impeller  shown  that  all  the  vanes  extend 
to  and  derive  support  from  the  hub,  thus  gaining  strength  not 
possessed  by  Mr.  Schmidt's  construction. 

S.  A.  Moss  (written).  Mr.  Schmidt  assumes  that  what  he  calls 
volute  blowers  are  inherently  more  efficient  at  light  loads  than 
what  he  calls  discharge  vane  blowers.  However,  the  data  which 
he  gives  in  Fig.  10  show  quite  the  contrary,  as  Mr.  Crissey  has 
independently  noticed.  The  blower  which  he  marks  40,000  cu, 
ft.  has  a  curve  with  rising  pressure  characteristic  and  this  gives 
higher  efficiency  than  the  curve  which  he  marks  30,000  cu.  ft., 
which  has  no  pressure  rise  above  no  load.    I  have  replotted  Fig. 
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10  as  Fig.  25,  using  fractions  of  best  load  as  abscissae.  The 
best  load  for  the  ;30,0()0-cu.  ft.  curve  is  at  *25,000  ft,  and  all  of 
the  abscissae  of  this  curve  have  been  divided  by  this  number. 
The  peak  of  the  40,000-ft.  curve  is  not  shown  and  has  been  as- 
sumed 60,000  and  all  of  its  abscissae  have  been  divided  by  this 
number.  This  brings  the  two  curves  to  a  common  basis.  As  will 
be  seen  the  machine  with  the  rising  pressure  characteristic  has 
a  higher  elliciency  at  the  peak  and  rises  more  rapidly  at  light 
loads.  Mr.  Schnndt  states  in  Par.  24:  that  curves  such  as  Figs. 
G  and  7,  if  plotted  to  scale,  would  show  decreased  light  load  effi- 
ciency for  guide  vanes.  This  is  not  borne  out  by  the  facts  he 
presents  however. 

A  blower  of  the  type  discussed,  with  a  rising  pressure  charac- 
teristic, gives  such  rise  of  pressure  purely  by  better  velocity  con- 
version with  the  same  shaft  power  input,  and  hence  necessarily 
better  efficiency  than  a  blower  wdiich  gives  no  pressure  rise  above 
the  no-load  value.  As  Mr.  Hice  has  mentioned  this  rise  can  be 
secured  by  discharge  vanes  or  a  good  volute. 

Mr.  Schmidt  introduces  in  Pars.  25  and  2G  a  discussion  of  the 
mathematician's  free  vortex.  The  presumption  is  that  he  uses 
this  in  his  blowers  as  well  as  the  volute  casing  of  Fig.  5.  He 
attempts  to  show  that  a  blower  with  a  free  vortex  would  give  a 
flat  characteristic  curve  with  considerable  velocity  conversion  at 
all  loads.  At  very  light  loads,  however,  there  is  enormous  fric- 
tion loss  in  a  free  vortex  since  the  angle  between  the  path  of  the 
fluid  and  a  tangent  is  very  small.  At  a  very  small  load  close  to 
zero,  a  particle  of  fluid  must  travel  around  the  circumference 
many  times  before  it  gets  out.  At  slightly  larger  loads  the  par- 
ticle travels  around  fewer  times.  As  the  load  increases  the  path 
of  the  particle  becomes  shorter  and  shorter,  and  the  friction  and 
eddy  losses  become  much  smaller  percentages.  Hence  one  would 
expect  a  volute  with  a  free  vortex  to  give  a  curve  such  as  was 
actually  obtained  in  Fig.  23,  presented  by  Mr.  Rice,  with  in- 
creased conversion  as  we  go  away  from  zero  load. 

Hence  a  free  vortex  cannot  give  good  conversion  at  very  light 
loads  on  account  of  the  large  proportion  of  friction  and  eddy 
losses.  If  now  the  pressure  does  not  rise  at  full  load,  it  follows 
that  undue  friction  losses  exist  there  also,  which  can  however  be 
removed  b}^  efficient  design.  Hence  an  actual  blower  Avhich  gives 
a  flat  characteristic  does  not  do  it  because  of  inherent  design,  but 
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because  the  upper  portions  of  pressure  and  efficiency  curves  are 
lost. 

Mr.  Schmidt  gives  a  discussion  of  the  action  of  a  ditfuser  tube 
in  connection  with  Fig.  8,  in  which  he  rightly  states  that  for 
each  velocity  at  the  point  of  minimum  section  there  is  a  pressure 
at  the  end  of  the  tube  which  gives  equilibrium.  Mr.  Schmidt's 
own  explanation  shows  that  there  is  no  fluctuation  of  pressure 
in  a  blower  using  an  equivalent  of  a  diffuser  tube.    As  the  vol- 
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Fig.  25     Characteristics  of  Two  Blowers  under  Different  Efficiency 

Curves 


ume  passing  through  the  blower  changes  so  as  to  change  the  ve- 
locity at  the  beginning  of  the  tube,  the  blower  itself  produces  a 
pressure  corresponding  to  the  new  conditions.  In  other  words, 
for  every  load  or  volume  passing  through  the  blower  there  is  a 
certain  pressure  which  the  blower  itself  produces  due  to  the  par- 
ticular velocity  in  the  conversion  tube  and  to  all  the  other  occur- 
rences when  this  volume  is  passing.  That  is  to  say,  there  is  a 
]:)erfectly  definite  pressure  volume  curve  such  as  shown  in  upper 
part  of  Mr.  Schmidt's  Fig.  10  and  for  any  given  volume  which  is 
being  used  the  pressure  produced  by  the  blower  is  the  pressure 
occurring  at  this  volume  on  the  pressure  volume  curve.  This 
is  the  pressure  which  exists  in  the  pipe  line  to  which  the  blower 
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is  connected.  If  the  load  and  hence  the  velocity  is  changing 
from  one  value  to  another,  the  pressure  gradually  changes  to 
the  new  value  without  any  fluctuation  or  pulsation.  Mr.  Schmidt 
supposes  the  case  of  a  high  velocity  jet  discharged  into  a  re- 
ceiver through  a  diffuser  or  venturi  tube.  It  is,  of  course,  to  be 
understood  that  there  is  an  orifice  leading  from  the  receiver  so 
that  the  air  entering  can  also  leave  and  that  there  is  no  other  air 
supply  to  the  receiver.  If  now  the  velocity  at  the  entrance  to  the 
venturi  tube  be  gradually  decreased  there  will,  as  Mr.  Schmidt 
supposes,  be  a  new  pressure  of  equilibrium  and  the  pressure  in 
the  receiver  will  gradually  and  calmly  vary  until  it  is  again  in 
equilibrium  with  the  velocity.  The  explanation  which  Mr. 
Schmidt  gives  shows  that  there  will  not  be  any  pulsation.  The 
pressure  in  the  receiver  is  fixed  only  by  the  velocity  at  the 
entrance  to  the  venturi  tube  and  is  always  the  pressure  in  equili- 
brium with  this  velocity.  There  are  thousands  of  venturi  meters 
in  use  which  illustrate  the  same  point.  These  make  use  of  a  dif- 
fuser  tube  such  as  INIr.  Schmidt  mentions  and  discharge  into  a 
pipe  system  beyond  corresponding  to  a  receiver.  If  now  the 
flow  through  the  system  is  reduced,  the  velocity  at  the  throat  of 
the  venturi  meter  at  entrance  to  the  venturi  tube  decreases.  This 
decreases  the  pressure  rise  along  the  venturi  tube,  but  in  a  slow 
and  gradual  manner  and  a  new  position  of  equilibrium  is  reached 
without  any  fluctuation  or  pulsation  whatever.  Evidently  the 
same  action  takes  place  in  any  type  of  diifuser  or  volute  or  free 
vortex  which  accomplishes  conversion  of  velocity  into  pres- 
sure. 

The  mathematical  portion  of  Mr.  Schmidt's  paper  can  be 
given  in  the  following  simplified  way.  In  the  first  place  we  note 
that  the  theoretical  work  for  adiabatic  compression  of  1  lb.  of 
air  from  absolute  pressure  P.^  to  absolute  pressure  P^  in  ft-lb,  is 

T     144  Po 


7  —  1      PoTo 


T.K 


where 


7  =  ratio  of  specific  heats 


-m 


7^2  =  initial  absolute  temperature 

PojT'ojPo^  absolute  pressure  in  lb.  per  sq.  in.,  absolute  fahr. 

temperature;    and   density   in   lb.  per   cu.    ft.,    at   any 

standard  condition 
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Now  consider  a  pound  of  air  which  enters  a  rotating  wheel  at 
the  center  and  passes  outward  to  the  periphery  always  Avith 
negligible  velocity.  Work  is  done  against  the  forces  which  keep 
the  relative  radial  velocity  negligible  and  this  work  appears  as 
work  of  adiabatic  compression  of  the  air.  The  force  at  any 
radius,  r  feet,  against  which  the  work  is  being  done,  is  the  so- 
called  centrifugal  force,  which  for  a  pound  of  air  is  well  known 
to  be 

g  \  60 

This  force  varies  uniformly  along  the  radius  so  that  the  average 
value  is  onedialf  the  maximum  value  at  the  outside  radius  r^. 
The  work  done  is  this  average  value  multiplied  by  the  total  dis- 
tance which  is  the  maximum  radius,  ?',,  which  is  therefore 


1  f2^y  or 
2r/  V    60    / 


2g\  QO  J  "  2g 
if  /Zi  is  the  peri]iheral  velocity  of  the  wheel  in  ft.  per  sec.  This 
is  the  work  done  in  ft-lb.  in  passing  a  pound  of  air  from  the 
center  of  a  rotating  wheel  to  the  pressure  at  the  outside  of  the 
wheel,  the  relative  A^elocity  along  the  wheel  alwa^^s  being  neg- 
ligible. This  is  necessarily  equal  to  the  adiabatic  work  of  com- 
pression and  delivery  to  the  pressure  existing  at  the  periphery 
of  the  wheel  given  above.  This  covers  all  of  the  points  given  in 
Mr.  Schmidt's  Pars.  6  and  7  leading  to  his  equation  [2].  It  is 
to  be  noted  that  this  covers  only  the  case  where  fluid  is  taken  on 
the  wheel  at  the  mathematical  center  and  where  the  relative 
radial  velocity  along  tlie  wheel  is  always  negligible.  Extension 
to  the  actual  case  where  the  fluid  is  taken  on  the  wheel  at  a  con- 
siderable radius  and  where  there  is  an  absolute  tangential  veloc- 
ity of  the  fluid  at  the  point  where  it  is  taken  on  the  wheel  as  in 
Mr.  Schmidt's  Fig.  15  and  where  the  relative  velocity  along  the 
wheel  and  particularly  at  the  circumference  is  not  negligible 
but  has  an  appreciable  value,  are  matters  which  must  be  analyzed 
in  addition  and  which  Mr.  Schmi'dt  wholly  omits.  INIr.  Schmidt's 
analyses  of  the  actual  occurrences  in  a  centrifugal  blower  are 
therefore  only  approximate. 

Mr.  Schmidt's  method  of  calculation  of  the  theoretical  horse- 
poAver  of  a  bloAver  given  in  Pars.  45  and  46  can  be  simplified  by 
computing  independently  the  quantity  discharged  from  the  ori- 
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fice  in  cu.  ft.  of  air  per  min.  if  reduced  to  absolute  pressure  and 
temperature  existing  at  the  blower  inlet.  This  avoids  altogether 
direct  computation  of  the  velocity  or  volume  at  orifice  end  con- 
ditions. Using  the  analysis  which  Mr.  Schmidt  gives  in  Par. 
46,  the  volume  discharged  from  the  orifice  with  total  pressure 
P^  absolute  temperature  T^  expressed  in  cu.  ft.  per  min.  if  re- 
duced to  actual  absolute  temperature  T n  at  inlet  and  pressure  P. 
at  orifice  end  and  inlet  is 

AT. 


Q  =  6540— =-  <{K^\)K 


Here  6540  is  60  V  ^gJC ^  and  A  is  the  orifice  area  in  sq.  ft.  multi- 
plied by  the  velocity  coefficient.  K  is  the  same  as  above  if  dis- 
charge and  orifice  pressure  are  both  P^.  The  theoretical  horse- 
power for  compression  and  delivery  per  minute  of  a  body  of  air 
occupying  a  volume  of  one  cu.  ft.  at  inlet  conditions  is 

144 /Vi     T 

rr_ -___       • 

33,000  -y-i 
Here  Pr,  is  alsolute  inlet  i)ressure  in  lb.  i)er  sq.  in.  The  theoret- 
ical horsepower  for  the  blower  is  then  HQ.  This  is  an  expres- 
sion equivalent  to  Mr.  Schmidt's  equation  [10],  and  I  l)elieve 
will  be  found  easier  to  handle.  The  expression  for  Q  can  also  be 
simplified  by  means  of  a  very  exact  approximation  originated  by 
Bossinesq  and  discussed  in  a  paper  on  the  general  subject  of  dis- 
charge of  air  in  American  Machinist.^ 

C.  P.  CiussEY  (written)  expressed  his  belief  that  the  author 
has  compared  the  Westinghouse  volute  blower  with  turbo-blow- 
ers of  inferior  design,  which  makes  the  conclusions  inadmissible. 
Neither  pulsations  over  the  range  of  volume  indicated  in  Fig. 
6,  nor  sharp  peaked  efficiency  curves  with  rapid  drops  on  either 
side  of  the  peak  are  inherently  characteristic  of  the  turbo-blower, 
and  indicate  simply  poor  design. 

The  author  gives  some  curves  in  Fig.  10  but  supplies  insufficient 
information  regarding  them.  Even  the  speed  of  the'  turbo- 
blower is  lacking  and  we  are  not  informed  concerning  such  points 
as  the  clearance  between  impeller  and  difi'usion  vanes,  Avhether  the 
vanes  are  straight  and  radial,  straight  without  being  radial, 
or  curved. 

Sept.  20,  27,    1906. 
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The  comparison  shown  in  Fig.  10  might  well  be  plotted  with 
abscissae  taken  as  fractions  of  the  rated  capacity.  It  will  be 
seen  that  the  volute  blower  reaches  its  maximum  efficiency 
before  full  capacity,  while  the  turbo-blower  efficiency  is 
still  rising  beyond  one  and  one-quarter  load.  This  latter 
curve  shows  again  that  the  design  of  the  turbo-blower  is  not 
correct,  because  it  is  perfectly  feasible  to  have  the  efficiency  curve 
of  a  turbo-blower  reach  its  maximum 'at  full  load  or  at  less  than 
full  load  quantity  as  desired.  It  will  be  noted  that  the  efficiency 
curve  of  the  volute  blower  falls  off  about  8  per  cent  from  the  maxi- 
mum at  half  and  at  one  and  one- quarter  capacity.  The  best  turbo- 
blowers for  such  low  pressures  and  large  capacities  will  show  less 
reduction  in  efficiency  for  corresponding  points,  when  the  effi- 
ciency is  a  maximum  near  full  load,  and  the  maximum  efficiency 
will  be  higher  than  that  of  the  volute  type ;  therefore  the  efficiency 
throughout  the  usual  working  range  is  better. 

Every  builder  of  turbo-pumps,  turbo-blowers  and  turbo-com- 
pressors would  like  to  omit  diffusion  vanes  because  they  add  to 
the  expense  of  production,  but  experience  has  shown  that  they 
are  advantageous.  Their  use  led  to  the  introduction  of  multi- 
stage high-pressure  centrifugal  pumps,  and  experience  with 
turbo-blowers  and  compressors  confirms  their  value.  After  care- 
ful experiments.  Professor  Rateau  advised  his  liensees  to  con- 
struct machines  without  diffusion  vanes,  but  the  results  were  not 
as  expected,  and  these  builders  are  now  in  general  using  diffu- 
sion vanes;  even  careful  experimental  researches  are  not  always 
conclusive. 

Par.  36  states  that  straight  radial  blades  are  the  only  ones 
which  can  be  used  except  at  the  very  lowest  speeds.  The  majority 
of  turbo-blowers  and  compressors  in  service  throughout  the  world 
do  not,  however,  have  such  blades.  Par.  37  is  also  misleading, 
as  the  great  majority  of  turbo-blower  and  compressor  manufac- 
turers use  with  satisfaction  impellers  of  built-up  construction, 
while  a  number  of  those  who  began  by  using  solid  impellers  have 
abandoned  them.  Double  flow  impellers  are  very  good,  but  sin- 
gle flow  are  equally  satisfactory  and  are  widely  used  for  multi- 
stage work  upon  the  continent  of  Europe  because  of  the  com- 
plications in  design  and  increase  in  length,  weight  and  cost  re- 
sulting from  connecting  a  number  of  double  flow  impellers  in 
series.  The  statement  that  an  impeller  disk  should  not  have  a  hub 
or  hole  for  the  shaft  almost  refutes  itself,  as  thousands  of  rotating 
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disks  with  holes  for  shafts  are  today  operating  with  satisfaction 
in  steam  turbines,  blowers  and  compressors. 

The  writer  prefers  the  European  method  of  test  to  that 
used  bj''  Mr.  Schmidt.  It  is  usual  to  rate  and  guarantee  these 
machines  in  terms  of  atmospheric  temperature  and  pressure; 
therefore  the  use  of  a  nozzle  in  the  discharge  necessitates  numer- 
ous and  large  corrections  all  tending  to  introduce  errors,  to  say 
nothing  of  radiation  eifects  which  take  place  at  high  air  tem- 
peratures. Experience  has  shown  it  to  be  more  accurate  as  well  as 
simpler  to  use  a  nozzle  in  the  suction  pipe.  The  formula  for 
the  weight  of  air  entering  the  compressor  is  then 

I  D  0.286 

(7  =  2.056  FP2C  J ^    (50.286_jS) 

in  which 

G  =  weight  of  air  in  lb.  per  second. 

F  =  area  of  nozzle  in  sq.  in. 

P„  =  absolute  pressure  within  suction  chamber  in  lb.  per 

sq.  in. 
C  =  nozzle  coefficient. 

T  =  absolute  temperature  of  atmosphere  in  deg.  fahr. 
P^  =  absolute  pressure  of  atmosphere  in  lb.  per  sq.  in. 


B  = 


P. 


Attention  is  called  to  two  minor  errors.  In  Par.  13  the  work 
done  per  lb.  of  air  is  said  to  vary  as  the  number  of  revolutions. 
This  should  of  course  read  as  the  square  of  the  number  of  revolu- 
tions. The  speed  for  the  volute  blower  of  Fig.  10  is  given  as 
3600  r.p.m.  on  the  volume  pressure  curve,  and  3000  r.p.m.  on 
the  efficiency  curve.  Doubtless  both  curves  are  for  one  speed  or 
the  other.  The  symbol  P^  has  been  used  in  a  number  of  places 
to  represent  the  total  head  (static  plus  velocity),  but  in  the  ap- 
pendix'it  is  stated  to  represent  only  the  static  head.  It  is  correct 
in  itself,  but  leaves  the  significance  of  the  symbol  P„  doubtful. 

C.  G.  DE  Laval.  The  notes  by  the  author  about  centrifugal 
blowers  are  interesting  and  make  an  attempt  to  suppl}^  the  knowl- 
edge relating  to  turbo  compressors  and  blowers  of  which  not 
much  is  known  up  to  the  present.  However,  considerable  valu- 
able data  that  may  change  the  theory  presented  by  the  author 
can  be  foifnd  in  the  able  articles  relating  to  this  in  Dingler's 
polytechnisches  Journal,  April  1912,  and  as  early  as  October  1910, 
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in  the  Zeitschrift  des  Vereines  deutscher  Ingenieure,  Zeitschrift 
f  iir  das  Gesamte  Turbinenwesen  of  September  1912,  and  Theorie 
and  Konstriiktion  der  Tiirbo-Koinpressoren  von  Ostertag. 

The  steam  turbine  is  responsible  for  the  introduction  of  the 
turbo-compressors  and  followed  rather  behind  the  turbo-pump. 
The  design  of  modern  turbo-blowers  follows  that  of  the  turbo- 
pumps  and  not  that  of  the  ordinary  volute  pumps.  Experi- 
ments by  Rateau  and  Parsons,  Jaeger,  Pokorny  &  Wittekind,  and 
others,  distinctly  point  to  the  rational  design  of  diffusers  as  solv- 
ing this  problem. 

Parsons,  however,  in  his  early  machines  proceeded  on  a  theory 
of  axial  compression,  but  as  soon  as  he  found  out  the  excellent 
results  of  Professor  Armengaud  and  others,  he  produced  similar 
blowers.  Without  going  into  the  merits  and  demerits  of  axial 
and  radial  machines  it  can  be  said  that  all  modern  designs  show 
a  radial  development  for  turbo-compressors  as  entirely  opposed 
to  the  development  of  steam  turbines,  which  are  almost  entirely 
designed  on  the  axial  system. 

The  statement  that  the  transforming  velocity  into  pressure 
by  three  ways  with  the  stress  laid  upon  the  method  of  the  use 
of  a  volute  of  proper  design  is  in  theory  not  correct.  Only  one 
method  used  today  for  transforming  this  velocity  into  pressure 
seems  satisfactory,  and  that  is  the  use  of  a  diffusor  or  what  may 
be  termed  a  long  nozzle,  which  w^e  all  know  is  the  best  for  liquids. 
A  diffusor  is  only  a  series  of  nozzles  of  sufficient  number  to  take 
care  of  the  volume. 

There  appears  to  be  nothing  different  in  a  turbo-compressor 
than  in  a  turbo-pump  except  as  to  the  reduction  of  volume  and 
its  increase  in  temperature;  the  only  difference  is  the  unit  of  the 
gas  or  air  pumped  which  is  much  smaller  than  water.  The 
theory  applying  to  a  centrifugal  or  turbine  pump  can  be  fully 
applied  here,  and  the  pressure  multiplied  with  the  volume  being 
constant  is  enough  to  calculate  all  data  in  connection  with  these 
machines.     The  relation  between  pressure  and  velocity  is  p  =i 

-^  ,  in  which  v  =  velocity  and  p  =  pressure,  S  =  specific  gravity 

and  g  =  acceleration.  As  air  weighs  only  a  fraction  of  water  its 
ratio  to  water  means  that  it  will  take  that  much  greater  peri- 
pheral velocity  to  sustain  the  same  head  of  water.  The  princi- 
pal equation  to  consider  in  a  turbo-compressor  is  pv"^  =  con- 
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stiiiit  where  n  =:  1  or  ti  =:  7^,  the  former  for  isotheriual  and  the 
hitter  for  adiabatic  compression. 

Without  going  into  the  application  of  these  formula?  we  may 
say  that  the  most  rational  theory  applied  to  impellers  is  that  de- 
rived from  turbine  pumps,  with  the  addition  of  a  shockless 
entrance  and  exit  to  impellers,  from  which  the  theoretical  head 
can  be  calculated  for  each  impeller. 

The  ditFerent  purposes  for  which  turbo-blowers  or  turbo-ma- 
chines are  used  require  more  or  less  steep  characteristics,  the 
same  as  in  turbine  pumps.  While  the  characteristics  of  a  pump 
are  practically  independent  of  any  change  in  temperature  the 
turbo-blow^er  is  influenced  by  it  to  some  extent.  Characteristics 
herewith  are  given  for  different  services  and  taken  from  diffu- 
sion vane  machines  (Fig.  26).  A  constant  discharge  air  pressure 
for  constant  speed  is  no  reason  for  a  flat  characteristic;  on  the 
other  hand  a  steep  characteristic  curve  is  desirable  when  differ- 
ent pressures  are  to  be  attained  at  constant  speed.  The  designer 
of  a  diffusion  vane  machine  can  obtain  any  type  of  characteris- 
tic he  desires,  and  a  flat  characteristic  curve  is  obtained  by 
changing  the  vane  angle.  The  diffusor  or  volute  has  very  lit- 
tle influence  on  the  slope  of  the  curve.  The  efficiency  curve 
should  always  be  as  flat  as  possible.  A  volute  type  of  blower  or 
compressor  is  not  one  that  can  be  ado])ted  for  medium  and  high 
pressures  on  account  of  the  difficulty  in  combining  a  number  of 
volutes  so  as  to  form  a  unit. 

As  to  the  idea  advanced  as  to  guide  or  diffusion  vanes  and 
guide  vanes,  it  has  been  shown  by  extended  experiments  that 
the  maximum  efficiency  has  been  obtained  by  diffusors  of  various 
shapes  and  that  such  vanes  do  not  take  away  any  mechanical 
efficiency  or  affect  the  thermic  efficiency  on  account  of  friction 
and  heat. 

Referring  to  the  method  of  measurement  of  capacity  which  is 
by  the  discharge,  the  guarantees  are  always  based  on  a  certain 
displacement  of  air  at  atmospheric  pressure,  and  it  is  therefore 
best  to  determine  the  capacity  by  an  orifice  attached  to  the  inlet 
pipes.  If  the  air  is  measured  at  the  discharge,  the  kinetic  out- 
put of  energy  and  radiation  losses  must  be  considered  and  allow- 
ance made.  The  measurement  at  the  entrance  is  simpler  and  in 
the  calculation  of  the  results  much  time  can  be  saved  which  often 
extends  over  days  in  order  to  obtain  sufficient  points  for  the 
characteristic. 
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With  the  orifice  in  tlie  air  entrance,  the  correction  for  tempera- 
ture or  barometer  as  well  as  tlie  doubtful  determination  of  the 
kinetic  energy  in  the  output  air  is  dispensed  with. 

As  regards  the  determination  of  the  adial)atic  efficiency  from 
the  temperature  it  may  be  said  that  this  is  purely  theoretical 
and  that  in  practice  the  radiation  losses  and  the  heat  caused  by 
bearing  friction  do  not  appear  in  the  heat  absorbed  by  the  air, 
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Fig.  20-a     Chakacteuistic  Curve  for  Turbo  Compressor 


tlie  tei!![)erature  of  which  must  therefore  be  lower  than  the  theo- 
reticaL    The  formula  for  efficiency 

Avhere 

J\  =  theoretical  final  temperature  of  the  air  calcuhited 
from  the  adiabatic  rehition  between  pressure  and  tem- 
perature 
7'.  =  initial  temperature  of  the  iidet  air 
l'\  =  final  observed  temperature 
is  therefore  imperfect  and  to  the  final  temperature  must  be  added 
the  above  mentioned  losses  and  a  third  less  caused  by  the  kinetic 
energy  of  the  air  leaving  the  compressor.    This  energy  converted 
into  pressure  would  cause  an  additional  rise  in  temperature. 

If  we  designate  the  temperature  equivalents  of  the  various 
Irsses  as  follows 

T  { =  bearing  friction 
T  r  =  radiation 
7"!^  =  kinetic  energy 
the  above  formula  then  becomes 
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In   the  article   under  consideration  the  following   formula   is 
given : 


7_  1    K 1  2 


© 


7—1 

-1 


T 
7 1        1\  1  2 


f.}    - 


T,-T2 


To 


[21 


which,  however,  is  nothing  but  the  fundamental  ecjuation 

„     air  horsepower 

JCj  = ; 

power  input 
Foi-mula   [21]   can  therefore  be  used  only  when  the  losses  are 
knoAvn  and  serves  at  best  to  check  the  air  horsepower  or  the  effi- 
ciency in  relation  to  the  indicated  horsepower. 

The  laws  governing  turbo-blowers  or  compressors  are  well 
vmderstood  by  engineers  and  this  new  style  of  machine  which 
has  been  brought  out  will  be  a  factor  in  the  compressor  field 
which  is  now  occupied  by  displacement  machines,  the  efficienc}^ 
of  turbo-blowers  being  equivalent  to  piston  blowers  working 
under  same  conditions.  This  fact  has  been  rather  difficult  to  prove 
on  account  of  the  different  methods  used  by  measuring  efficiency 
of  both  types. 

The  judging  of  a  jiiston  machine  by  figuring  efficiency  from 
diagrams  obtaining  the  mechanical  efficiency  accurately,  is  of 
course  not  right  as  it  includes  only  the  external  mechanical 
losses,  and  does  not  include  losses  due  to  heating  and  incomplete 
filling  and  expansion  of  air  taken  into  the  valves,  all  of  which 
will  reduce  the  volumetric  efficiency.  A  piston  machine  to  be 
compared  with  a  turbo-machine  should  have  the  quantity,  weight 
and  pressure  measured  after  it  leaves  the  machine  and  the 
amount  of  power  used  for  compressing  this  quantity  without  in- 
crease in  temperature. 

Albert  E.  Guy.  Two  points  of  main  importance  are  to  be 
considered  in  the  construction  of  an  otherwise  well  designed 
centrifugal  air  compressor  or  pump:  One  is  that  the  direction 
and  the  velocity  of  the  fluid  at  the  point  of  contact  with  the 
first  element  of  the  vanes,  or  vane  inlet,  are  fundamental  factors 
in  the  calculation  and  delineation  of  the  shape  of  the  vanes. 
Therefore,  when  anything  occurs  which  deviates  the  direction 
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and  changes  the  velocity  of  the  lluid  at  the  vane  inlet,  the  per- 
formance of  the  machine  will  be  different  from,  and  invariably 
not  so  good  as  was  intended.  The  other  is  that,  as  the  fluid  leaves 
the  impeller  nothing  can  add  to  the  energy  it  possesses,  and  every- 
thing it  contacts  with,  be  it  diffuser  passage,  diffuser  vanes,  free 
whirlpool,  or  easy  return  bend,  will  cause  a  reduction  of  that 
energy. 

The  energy  producer  is  the  impeller;  it  must  be  designed  to 
meet  the  conditions  imposed  by  the  customer  and  which  may 
be  specified  in  various  ways.  No  contact  for  either  a  centrifugal 
pump  or  a  blower  should  be  let  which  does  not  include  a  set 
of  guaranteed  curves,  one  of  which,  named  the  characteristic  or 
performance  curve,  represents  the  variation  of  head  correspond- 
ing to  the  variation  of  the  volume  delivered,  the  speed  remain- 
ing constant  throughout  the  whole  range.  The  second  curve 
represents  the  efficiency,  that  is  the  ratio  between  the  useful  work 
and  the  total  input  work.  The  third  curve  represents  the  brake 
horsepower.  The  second  and  third  curves  are  so  placed  relatively 
to  the  first  that  both  the  efficiency  and  brake  horsepower  cor- 
responding to  one  head-volume  point  on  the  performance  curve 
can  be  measured  on  the  ordinate  of  that  point. 

The  specifications  imposed  may  require  that  three  given  sets 
of  conditions  be  met  at  the  same  speed,  for  instance.  The  per- 
formance curve  must  therefore  enclose  three  points  and  yet  be 
a  fair  curve.  It  may  happen  that  two  of  the  points  cannot  be 
exactly  placed  on  the  curve,  but  once  the  curve  is  established  to 
the  satisfaction  of  both  the  prospective  customer  and  the  designer, 
the  impeller  is  entirely  determined.  The  beginning  of  the  curve 
ot  no  delivery  determines  the  diameter  of  the  impeller  for  the 
stated  constant  speed,  of  course,  and  the  post  normal  part  of 
the  curve,  that  is,  the  part  following  the  normal  point  or  point 
of  maximum  efficiency,  determines  the  areas  of  sections  through- 
out the  impeller.  The  inlet  and  outlet  angles  are  fixed  by  the  con- 
ditions at  the  normal  point.  The  shape  of  the  vanes  depends  on 
the  theory  followed. 

The  apparatus  once  installed  should  be  tested  and  the  results 
of  the  tests  emiiodied  in  the  form  of  curves.  Such  curves  should 
then  ap]:)roxiniate  very  closely  those  embodied  in  the  contract. 
It  is  quite  evident  that  a  wrongly  designed  impeller  cannot  pro- 
duce test  curves  matching  the  proposed  curves. 
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Some  engineers  and  writers  have  claimed  that  as  long  as  the 
impeller  vane  has  the  proper  angles  at  the  inlet  and  outlet  re- 
spectively, its  shape  between  these  points  is  of  no  special  im- 
portance. This  is  absolutely  wrong.  The  writer  in  more  than 
20  years  of  practice  has  found  it  absolutely  necessary,  in  order 
to  produce  a  high  grade  machine  capable  of  meeting  predeter- 
mined conditions  of  operation,  to  calculate  the  shape  of  the 
vanes  from  the  beginning  to  the  end  with  the  greatest  degree 
of  accuracy.  All  the  formulae  in  use  today  for  calculating  the 
impeller  can  be  easily  shown  to  originate  from  Professor  Combes' 
formula.  The  three  formulae  given  in  Mr.  Carl  DeLaval's  book 
on  Centrifugal  Pumps,  for  instance,  are  clearly  derived  from 
the  Fink  formula  published  in  the  German  handbook  "  Die 
Hiitte,"  and  Fink's  formula  is  clearly  derived  from  Combes', 
These  formulae  have  been  published  in  various  forms  by  differ- 
ent authors,  but  like  the  thermodynamic  formulae  at  the  time 
of  Clausius,  they  only  consider  the  initial  and  end  conditions,  and 
disregard  the  work  produced  between  them.  However  a  skillful 
designer  may,  by  using  the  Combes  formula,  produce  impellers 
which  will  cover  quite  a  range  of  conditions. 

The  author's  statement,  in  connection  with  Figs.  6  and  7,  in 
the  writer's  opinion  are  contrary  to  facts  and  his  theory  is 
obviously  erroneous.  The  compressor  described  is  the  same  as 
that  which  formed  the  subject  of  the  discussion  by  E.  N.  Ehrhart 
of  a  paper  on  turbo-compressors^  and  is  simply  an  enlarged  fan 
of  the  type  first  described  and  made  by  Professor  Rateau  some 
years  ago.  The  high  speed  at  which  the  impeller  runs  requires 
that  the  vanes  be  made  radial  and  carved  out  of  the  solid,  hence 
shock  is  unavoidable  at  the  vane  inlet,  the  fluid  path  throughout 
the  impeller  is  uncertain  and -no  theory  can  apply  to  this  sort 
of  design  unless  a  special  coefficient  of  correction  be  introduced 
after  careful  deductions  from  a  large  number  of  accurately  made 
tests  of  apparatus  of  various  sizes.  There  is  no  evidence  produced 
by  the  authors  that  such  tests  have  been  conducted. 

The  paper  would  lead  to  the  belief  that  the  shape  of  the  cas- 
ing has  a  great  influence  on  the  characteristic  curve.  This  is  on 
par  with  several  patent  specifications  quoted  by  Poillon  in  his 
book  on  pumping  machinery,  in  which  some  French  inventors 
about  30  years  ago  asserted  that  the  impeller  had,  of  course, 

1  Trans.  Am.  Soc.  M.  E.,  vol.  33,  p.  390. 
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but  unfortunately,  to  be  a  part  of  the  pump,  but  that  the  pre- 
dominant factor  was  the  casing  and  its  volute,  made  sometimes 
with  and  sometimes  without  diifuser  passage. 

A  few  years  ago  the  writer  undertook  a  series  of  experiments 
to  show  that  the  form  of  the  vanes  determined  absohitely  the 
characteristic  curve.  Some  of  these  experiments  were  described 
in  Power^  and  the  test  curves  are  reproduced  in  Figs.  27  and  28, 
and  Avere  found  to  match  those  established  before  the  apparatus 
was  constructed.  Two  fans  were  made  to  suit  the  same  "casing 
which  was  of  the  plain  volute  box  form.  The  fans  had  exactly 
the  same  outside  and  inside  diameters,  viz.,  18  in.  and  12  in. 
respectively,  and  the  width  measured  axially  was  6  5/8  in.  for 
both. 

Thus,  the  runners  being  of  the  enclosed  type,  there  was  noth- 
ing outwardly  to  distinguish  them  one  from  the  other,  and  as 
a  matter  of  fact  they  differed  only  in  the  form  of  the  blading, 
as  shown  in  Fig.  28.  These  fans  were  run  at  3600  r.p.m.  and  at 
that  speed,  for  which  they  were  designed,  one  gave  7000  cu.  ft. 
of  free  air  per  minute  at  a  pressure  of  22  in.  of  water  gage: 
the  other,  at  the  same  speed  gave  5250  cu.  ft.  of  free  air  per 
minute  at  a  pressure  of  5  in.  of  water  gage.  At  corresponding 
speeds  it  is  seen  that  the  characteristic  curves  of  both  fans  be- 
gan at  precisely  the  same  point,  and  thenceforth  diverged  as 
Avould  of  course  be  indicated  by  the  jiroper  theory. 

A  correctly  designed  impeller  would  work  well  in  a  casing  of 
the  box  form,  that  is  without  diffuser  passages,  diffuser  vanes 
or  volute,  provided,  however,  that  the  discharge  from  the 
periphery  of  the  impeller  is  not  interfered  with  or  choked.  To 
some  extent  the  plain  centrifugal  pump  of  the  multi-stage  type 
is  an  example  of  this  in  which  smooth  passages  are  provided, 
but  without  a  volute  connecting  one  stage  to  the  other.  The 
efficiency  of  this  pump  is  just  as  high  as  that  of  the  double  suc- 
tion volute  centrifugal  pump. 

The  author  gives  no  detail  drawings  of  the  impeller  and  casing 
and  the  matter  as  presented  is  vague,  yet  the  statements  of  the 
paper  are  such  as  to  amount  to  a  claim  for  an  important  dis- 
covery, viz.,  that  the  form  of  casing  virtually  controls  the  per- 
formance curve  'of  the  impeller.  The  questions  of  centrifugal 
air  compressors  and  pumps  are  of  prime  importiince  and  should 

^Horsepower  of  a  Fan  Blower,  Power,  June  13,  1911,  p.  904. 
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be  presented  before  a  body  like  this  society'  in  a  manner  to  permit 
the  interested  members  to  deal  Avith  complete  fundamental  data 
jind  facts  which  can  be  easily  verified. 

The  Author.  Mr.  Carrier  remarked  about  the  relation  of 
the  inlet  to  the  outlet  diameter  of  the  impeller  and  suggested 
that  the  efliciency  of  the  impeller  depended  upon  the  ratio  of 
these  diameters.  The  author  has,  however,  proved  by  experi- 
ment that  this  relation  does  not  affect  the  efficiency  of  the  blower 
materially  if  all  other  proportions  of  the  blower  are  correct  for 
the  particular  impeller  employed. 

Mr.  Woodbury  objects  to  the  presentation  of  the  author's  illus- 


Fig.  28     Impellers  Used  Showing  Curvature  of  Vanes 

tration  of  the  stream  lines  in  an  impeller :  these  are  only  diagram- 
matic. There  wall  be,  of  course,  a  certain  amount  of  compression 
on  the  driving  face  of  the  impeller  blade. 

In  reply  to  Mr.  R.  H.  Rice,  it  will  be  noted  from  the  theory 
and  mathematics  presented  in  the  writer's  paper  that  his  state- 
ments refer  only  to  impellers  having  straight  radial  blades,  with 
the  exception  that  the  blades  may  be  curved  at  the  inlet  without 
materially  affecting  the  theory  as  presented. 

Referring  to  Par,  8,  Mr.  Rice  aclmowledges  that  wdthout 
proper  conversion  of  the  velocity  of  the  air  leaving  the  tips  of 
the  blades  into  the  form  represented  by  pressure,  the  maximum 
efficiency  neglecting  all  losses  can  be  but  50  per  cent. 

Referring  to  Mr.  Rice's  discussion  of  Par.  11,  in  which  he 
offers  an  analogy  between  the  diffusion  tube,  or  guide  vanes,  and 
the  "  down-stream  half  of  a  venturi  meter,  and  we  are  all  famil- 
iar with  the  fact  that  venturi  meters  are  efficient  for  measuring 
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both  compressible  and  incompressible  fluids."  Mr.  Rice  has  here 
taken  for  illustration  the  use  of  the  diffusion  tube  of  a  venturi 
meter  which,  as  far  as  the  author  can  see,  has  absolutely  nothing 
to  do  with  the  use  of  the  diffusion  tubes  or  guide  vanes  in  centri- 
fugal blowers.  The  efficiency  of  the  venturi  tube  as  a  meter  is 
entirely  independent  (within  very  insignificant  limits)  of  the 
efficiency  of  the  diffusion  tube  in  reconverting  the  velocity  cre- 
ated, necessary  for  measurement,  back  into  pressure.  Moreover, 
manufacturers  of  venturi  meters  insist  upon  a  distance  of  at 
least  20  diameters  of  the  pipe  from  the  nearest  obstruction  or 
elbow  to  the  mouth  of  the  meter,  for  the  reason  that  the  eddies 
set  up  by  any  obstruction  cause  fluctuations  of  and  eddies  in 
the  flow  to  the  meter.  Because  of  these  eddies,  at  least  those 
which  extend  beyond  the  bowl  of  the  meter,  the  efficiency  of  the 
diffusion  tube  is  materially  decreased,  causing  an  unduly  large 
drop  in  pressure  through  the  meter,  which  is  detrimental  to  its 
reputation  because  of  the  loss  of  head.  The  eddies  forming  above 
the  throat  cause  inaccuracy  in  the  measurements,  which  are  also 
detrimental  to  its  reputation.  This  is  common  experience  in  the 
use  of  venturi  meters. 

In  Mr.  Rice's  criticism  of  Pars.  12  and  13  regarding  the  laws 
and  variations  of  the  rcAolutions  and  volume,  the  author  wishes 
to  say  that  in  Par.  13  the  law  which  Mr.  Rice  has  stated  in 
mathematical  form,  namely,  Q  ^  N  =z  C^\s  stated  in  the  form, 
that  the  capacity  varies  almost  directly  as  the  number  of  revo- 
lutions per  minute,  which  to  the  layman  is  probably  more 
comprehensible  than  when  expressed  in  mathematical  form. 
Through  an  oversight  in  proofreading,  it  is  stated  that  the  work 
in  foot-pounds  per  pound  of  air  varies  directly  as  the  square 
of  the  tip  speed,  or  if  the  diameter  of  the  impellers  is  fixed, 
directly  as  the  number  of  revolutions  per  minute.  This  should 
read,  directly  as  the  square  of  the  number  of  revolutions  per 
minute. 

Further  in  regard  to  the  venturi  meter,  Mr.  Rice  agrees  that 
the  diffusion  tube  of  the  meter  does  not  affect  its  efficiency  since 
he  has  omitted  entirel}^  any  criticisms  of  Fig.  21,  which  is  noth- 
ing more  than  a  venturi  meter  without  the  diffusion  tube  for  the 
simplicity  of  installation  in  a  pipe  line  already  in  place. 

In  his  conclusions  regarding  the  efficiency  of  the  diffusion 
tube  of  a  venturi  meter  as  applying  to  a  blower,  he  disregards 
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the  fact  that  the  eddies  in  the  air  k>a\iiii»'  the  tips  of  the  blades 
of  the  most  perfectly  designed  impeller  far  exceed  any  that  will 
be  caused  by  an  elbow  or  other  obstruction  to  a  venturi  meter, 
and  if  it  is  found  so  important  to  take  these  precautions  to  avoid 
serious  pressure  drop  in  a  Aenturi  meter,  the  reader  can  draw 
his  own  conclusi(ms  as  to  how  this  would  apply  to  a  blower. 

Eegarding-  Mr.  Eice's  criticism  of  Fig.  G,  while  this  figure  is 
only  diagrammatic,  as  has  been  stated,  it  is  logically  exact, 
although  the  pressure  has  fallen  to  half  the  maximum  at 
the  point  of  maximum  efficiency.  It  is  evident  from  the  curves 
given  in  Mr.  E ice's  paper  that  in  order  to  insure  freedom 
from  "  up-setting,"  it  is  necessary  to  operate  the  blower  on 
a  comparatively  small  range  below  its  normal  rating  and  at 
less  than  maximum  eificiency  in  order  to  avoid  fluctuations  of 
l)ressure  in  the  discharge.  The  characteristics  of  the  guide- vane 
blower,  given  by  a  curve  such  as  Fig.  6,  relate  onlj'  to  a  blower 
of  the  guide-vane  type,  or  more  exactly  to  one  in  which  the  guide 
vanes  have  but  a  small  clearance  between  their  entrance  edges 
and  the  impeller.  However,  if  the  guide  vanes  of  a  blower  run 
with  too  small  a  clearance  between  the  tips  of  the  guide  blades 
and  the  impeller,  the  noise  which  is  created  is  of  such  an  objec- 
tionably high  pitch  that  it  is  impossible  for  operators  either  to 
run  the  machine  or  work  at  the  furnaces,  and  for  this  reason 
it  is  the  common  practice  of  all  builders  of  guide-vane  machines 
to  leave  a  clearance  of  anywhere  from  i/o  to  2  in.  between  the 
tips  of  the  impeller  and  the  guide  vanes,  and  this  (as  will  be 
noted  from  the  discussion  of  the  free  vortex  in  Par.  G)  clearance 
though  comparativelv  small  radially;  in  high-speed  blowers  it 
forms  a  considerable  proportion  of  the  diameter  and  the  theory 
shows  that  since  most  of  the  work  done  in  a  free  vortex  is  per- 
formed in  the  portion  near  the  impeller,  a  considerable  part  of 
the  work  of  conversion  of  velocity  into  pressure  is  done  before 
the  air  enters  the  guide  vanes.  As  a  consequence  the  character- 
istic of  the  guide-vane  blower  such  as  ordinarily  manufactured 
shows  less  pressure  rise  from  no-load  to  the  point  of  maximum 
pressure,  and  less  drop  from  the  maximum  pressure  to  the 
pressure  at  the  point  of  maximum  efficiencv  than  is  shown  bv 

Fig.  6-        .         .  _ 

In  the  discussion  of  diffusion  tubes,  the  author  referred  only 
to  the  maximum  point  of  efficiency,  that  is.  at  the  point  of  break- 
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down  for  any  given  volume,  and  stated  that  it  is  possible  for 
any  given  flow  to  have  one  point  of  steady  pressure.  This  point, 
however,  is  always  below  the  point  of  niaxinunn  efficiency. 

Referring  to  Fig.  22  and  to  Fig.  10,  in  Par.  25,  the  Avord  "  the  " 
before  "  characteristics  "  shoidd  have  been  omitted,  as  it  was  not 
intended  that  it  should  be  understood  that  the  40,000-cu.  ft. 
volume  curve  and  efficiency  curve  referred  to  a  guide-vane  blower. 
The  diU'erence  between  the  40,000-cu.  ft.  and  30,000-cu.  ft.  blow- 
ers is  simply  a  matter  of  the  design  of  the  impellers  in  relation 
to  the  design  of  the  casing,  the  40,000-cu.  ft.  blower  having  onh' 
a  partial  vortex  conversion  and  a  large  percentage  of  velocity 
conversion  in  a  diffusion  tube  attached  to  the  outlet  of  the 
blower.  This  ditTusion  tube  was  quite  efficient  as  sufficient  con- 
version had  been  accomplished  in  the  vortex  to  assure  compara- 
tively parallel  stream  lines  at  the  entrance  to  the  diffusion,  but 
the  low  efficiency  at  small  discharge  rates  is  clearly  shown  by 
the  increased  pressure  from  no-load  to  the  point  of  maximum 
pressure.  The  reason  for  the  rapid  falling  off  of  pressure  in  this 
blower  without  increase  of  load  was  due  to  the  fact  that  the 
casing  of  the  machine  was  too  small  for  the  impeller. 

Messrs.  Moss  and  Crissey  have  also  unfortunately  misunder- 
stood Par.  2.5  and  assumed  that  the  40,000-cu.  ft.  blower  Avas 
fitted  with  guide  vanes. 

Mr.  Rice  has  stated  in  referring  to  Par.  7  that  the  reason  for 
the  flat  pressure  curve  obtained  on  the  free-vortex  blower  is  due 
to  the  fact  that  there  is  not  a  proper  conversion  of  velocity  into 
pressure.  The  author  made  tests  on  this  blower,  obtaining  the 
pressure  at  some  40  points,  and  has  plotted  a  curve  from  the 
readings  which  shows  that  the  pressure  created  in  the  free  vortex 
at  no-load  was  exactly  ecjual  to  the  pressure  created  by  the  im- 
peller at  no-load,  and  at  full-load,  that  is,  approximately  25,000 
cu.  ft.  per  mill.  The  pressure  created  or  the  actual  work  done 
in  foot-pounds  per  pound  of  air  in  the  free  vortex  Avas  about 
20  per  cent  in  excess  of  the  work  done  in  foot-pounds  per  pound 
of  air  in  the  impeller,  which  is  contrary  to  Mr.  Rice's  statement. 
The  actual  efficiency  of  the  free  vortex  from  the  tips  of  the  blades 
to  the  discharge  opening  exceeding  90  per  cent  is  a  figin-e  which 
has  never  been  obtained  in  any  diffusion  tube  no  matter  how 
carefully  the  stream  lines  are  preserved  at  the  entrance  of  the 
diffuser.     These  tests  shoAv  comparatively  uniform  efficiency  of 
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the  free  vortex  from  the  i-nnge  of  no-load  to  the  maximum  capac- 
ity of  the  machine.  Tlie  variation  in  etKciency  from  no-load  to 
inaximum  efficiency  does  not  exceed  15  per  cent. 

Iveferring  to  Fig.  23,  showing  the  actual  pressure  in  the  guide- 
vane  machine,  the  actual  pressure  curve  is  probably  correct  for 
properly  designed  guide-vane  blowers,  but  the  added  line  show- 
ing the  pressure  which  would  have  been  obtained  Avithout  refine- 
ment of  design,  while  probably  true  for  a  guide-vane  blower 
having  considerable  clearance  between  the  blower  and  the  guide 
vanes,  would  have  to  have  some  absurd  conditions  in  the  guide 
vanes  to  show  so  flat  a  characteristic  as  the  pressure  above  that 
due  to  "  the  pressure  by  perfect  centrifugal  action  without  con 
version."  In  fact,  there  would  have  to  be  a  great  error  in  the 
angle  of  the  guides  or  some  obstruction  or  other  means  would 
have  to  be  used  to  reduce  the  efficiency  of  the  guide  vanes  in 
order  to  maintain  this  flat  characteristic  and  avoid  a  change  in 
the  velocity  conversion  of  the  diffusion  tubes  as  the  load  in- 
creases. 

Returning  to  Mr.  Eice's  discussion  of  Fig.  6,  he  states  that 
the  inefficiency  of  the  vortex  type  of  blower  is  due  to  the  loss 
of  shaded  area  in  Fig.  6  which  gives  the  curve  of  Fig.  7.  This 
statement,  however,  does  not  agree  with  the  facts  obtained  on 
tests  of  vortex  blowers  of  proper  design,  since,  when  the  blower 
is  tested,  absoluteW  no  variation  occurs  at  any  load  except  as 
hereafter  noted. 

In  Fig.  24  Mr.  Rice  has  shown  a  construction  of  radial  bladed 
impeller  designed  to  take  in  the  air  without  shock  without  the 
use  of  the  spiral  inlet  having  blades  extending  into  the  hub,  and 
the  taking  in  of  the  air  without  shock  is  accomplished  by  means 
of  what  amounts  to  a  propeller  in  the  "  eye  "  of  the  blower.  Mr. 
Rice  has  failed  to  take  into  consideration  the  fact  that  in  the 
construction  of  an  impeller  which  extends  radially  inwards  be- 
yond the  eye  of  the  casing  is  necessarily  inefficient  at  light-load 
and  at  overload.  At  light-load,  because  the  entrance  angle  of 
the  blades  is  designed  for  full-load,  there  is  a  tendency  to  take 
up  or  put  in  more  air  than  is  discharged.  Consequently  eddies 
are  formed,  due  to  the  fact  that  the  air  taken  into  the  inlet  is 
in  excess  of  that  being  discharged  and,  consequently  by  centrif- 
ugal force,  is  thrown  out  at  the  outer  diameter  of  the  inlet.  In 
addition,  there  is  a  loss  due  to  slippage,  that  is,  the  vanes  pass 
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the  air  without  picking  it  up,  thus  pre-heating  it  before  entrance 
into  the  impeller  proper,  and  consequently  more  work  must  be 
put  into  the  air  in  foot-pound  per  pound  than  would  f)ccur  if 
the  blades  did  not  extend  into  the  hub.  A  little  calculation  will 
show  that  the  loss  due  to  this  cause  exceeds  that  due  to  the  crude 
method  employed  in  blowers,  the  blades  of  which  do  not  extend 
to  the  center  of  the  shaft  or  hub,  for  with  proper  design  of  the 
casing  at  the  inlet  to  the  blades  the  slippage  loss  at  light-load  is 
almost  entirely  eliminated  and  the  loss  at  full  and  overload  is 
for  all  practical  purposes  negligible. 

In  answering  the  discussion  by  Mr.  de  Laval  in  which  he  criti- 
cizes the  use  of  six  stages  for  pressures  as  low  as  10  or  20  lb., 
Mr.  Rice  in  the  closure  to  his  paper,  Commercial  Application 
of  the  Turbine  Turbo-Compressor,^  stated  that  in  the  later  type 
of  blowers  the  number  of  stages  had  been  reduced  from  six  to 
three  and  higher  efficiency  attained  "  because  of  the  higher  speed 
and  the  smaller  loss  resulting." 

The  principal  advantage  which  Rateau,  Pokorny  &  Witte- 
kind  and  Jaeger  and  other  manufacturers  of  multiple-stage  ma- 
chines claim  is  that  for  the  higher  pressures  the  greater  the 
number  of  stages,  the  more  perfectly  the  gas  can  be  cooled,  and 
consequently  the  more  nearly  isothermal  compression  is  ap- 
proached, with  the  result  that  higher  efficiency  over-all  is  ob- 
tained. However,  Mr,  Rice  states  that  a  decrease  of  the  number 
of  stages  for  the  same  work  done  is  accompanied  by  an  increase 
of  efficiency,  although  the  amount  of  cooling  surface  and  cool- 
ing is  less  in  a  blower  of  a  higher  number  of  revolutions  per 
minute.  Consequently,  a  fewer  number  of  stages  give  a  bet- 
ter efficiency  in  spite  of  the  lesser  cooling,  than  the  greater 
number  of  stages.  The  tip  speed  of  the  impellers  must  be 
increased  as  the  number  of  stages  is  decreased  with  the  re- 
suit  that  the  tip  speeds  necessarily  are  not  satisfactory  with 
the  built-up  construction  such  as  shown  in  Mr.  Rice's  Fig.  24, 
which,  though  supposed  to  be  a  built-up  construction,  does  not 
show  the  method  of  securing  the  blades  on  to  the  disc. 

Further  in  regard  to  Fig.  10,  it  may  be  remarked  that  both 
Mr.  Rice  and  Mr.  Moss  have  credited  the  partially  free-vortex 
blower  with  from  80  to  almost  85  per  cent  efficiency,  which  might 
have  been  obtained  had  the  turbine  driving  the  40,000-cu.  ft. 

*  Trans.  Am.  Soc.  M.  E.,  vol.  33,  p.  381. 
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hlower  .siidicient  t'iii):icity  to  reach  the  k)ad  of  niaxinium  effi- 
cienc}'.  The  reason  why  tlie  oO,000-cu.  ft.  bh)wer  did  not  reach 
a  liigher  efficiency  than  tlie  Larger  was  due  to  an  oversight  in 
tlie  design  of  the  rotor  of  the  30,000-cu.  ft.  Wower  wliich  caused 
the  etiiciency  of  the  impeller  alone  to  be  very  low,  though  both 
the  30,000  and  J:0,000-cu.  ft.  impellers  had  straight  radial  blades 
without  any  curvature  at  the  blade  entrance,  and  both  blowers 
luul  exactly  the  same  casing,  except  for  the  diiference  in  the  free 
vortex.  Had  a  rotor  of  the  same  design  as  that  of  the  larger 
machine  been  employed  in  the  smaller,  the  efficiency  would  have 
easily  exceeded  80  per  cent. 

Since  the  40,000-cu.  ft.  blower  showed  that  its  efficiency  at  its 
most  efficient  load  would  be  SO  per  cent  or  better,  Mr.  Rice's  criti- 
cism of  a  volute  and  forced  vortex  at  the  inlet,  combined  with 
straight  blades,  is  not  borne  out  by  facts. 

In  general  Mr.  Rice's  remarks  about  a  Hat  characteristic  being 
due  to  improper  velocity  conversion  in  the  free  vortex  are  not 
sul)stantiated  by  facts,  since  when  the  other  losses  in  the  blower 
are  considered,  an  efficiency  of  only  74  per  cent  requires  a  ver}^ 
high  efficiency  of  the  free  vortex  and  as  stated,  this  in  the  30,000- 
cu.  ft.  blower  was  in  excess  of  90  per  cent.  Though  the  velocity 
conversion  in  the  40,000-cu.  ft.  blower  was  considerably  less  effi- 
cient than  in  the  30,000-cu.  ft.  blower,  the  efficiency  of  the  larger 
impeller  was  considerably  higher,  the  difference  in  impeller  effi- 
ciencies is  far  more  than  sufficient  to  offset  the  gain  in  the 
efficiency  of  the  free  vortex. 

Mr.  Moss  states  that  a  rising  pressiu*e  characteristic  is  abso- 
lutely necessary  for  a  blower  of  high  efficiency.  The  author, 
however,  can  construct  a  free-vortex  blower  which  will  have  a 
rising  pressure  characteristic,  flat  or  rapidly  dropping  character- 
istic, using  radial  blades  in  each  case,  and  obtain  the  same  effi- 
ciency simply  by  changing  the  proportions  of  the  impeller  ac- 
cording to  the  characteristic  desired,  but  as  has  been  previously 
pointed  out,  only  a  blower  wdtli  a  nearly  fiat  or  dropping  char- 
acteristic is  satisfactory. 

]\Ir.  Moss  says  that  at  light  loads  there  is  enormous  friction 
in  the  free  vortex  because  "  a  particle  must  make  many  revolu- 
tions before  it  gets  out."  There  is  of  course  more  friction  per 
unit  mass  of  air  in  the  vortex  at  light-loads,  but  this  loss  is  not 
so  serious  as  Mr.  Moss  thinks,  and  at  full-load  in  a  properly 
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proportioned  blower,  tlie  friction  loss  is  very  small  indeed.  Mr. 
Moss  rightly  points  out  that  as  the  load  increases,  the  path  of 
a  particle  constantly  becomes  shorter,  until  at  full-load  it  makes 
only  part  of  a  revolution  between  leaving  the  tip  of  the  blades 
and  entering  the  volute  or  collecting  passage.  At  full-load,  there 
is  no  difference  between  a  free  vortex  and  a  perfect  guide-vane 
blower,  except  the  free-vortex  blower  does  not  suffer  the  addi- 
tional friction  loss  caused  by  the  surface  of  the  vanes,  since  at 
full-load  the  path  of  the  particles  leaving  the  impeller  coincides 
with  the  form  of  the  guide  vanes,  or  should  do  so,  and  therefore 
at  full-load,  the  presence  of  obsence  of  guide  vanes  will  have  little 
influence  on  the  over-all  efficiency.  In  other  words,  an  ideal  guide- 
vane  blower  would  have  movable  and  flexible  vanes  which  could 
adjust  themselves  to  the  angle  of  discharge  from  the  rotor,  and 
bend  themselves  into  the  curve  of  a  particle  in  a  free  vortex 
at  each  particular  load,  in  Avhich  case,  again,  except  for  the  fric- 
tion of  the  air  on  the  surface  of  the  vanes,  the  guide-vane  blower 
would  be  but  a  less  perfect  free-vortex  machine  with  a  flat 
pressure  characteristic,  if  properly  proportioned. 

One  of  the  faults  with  the  guide-vane  blower  is  that  only  for 
one  rate  of  discharge  are  the  vanes  at  the  proper  angle ;  at  light 
loads  the  angle  is  too  large;  and  at  overloads  the  angle  is  too 
small  and  likewise  at  only  one  load  can  the  guide  vanes  be  of 
the  proper  shape.  Thus,  while  a  straight  diffuser  such  as  the 
down-stream  end  of  a  venturi  meter  may  have  a  high  efficiency 
for  converting  kinetic  into  potential  energy,  a  curved  diffuser 
or  a  straight  diffuser  cannot  be  very  efficient  except  Avlien  it 
conforms  to  the  natural  undisturbed  stream  lines  of  the  fluid 
entering. 

The  foregoing  also  applies  still  more  rigidly  to  the  short  guide 
vanes  as  used  by  Pokorny  &  AVittekind,  Escher,  Wyss  &  Com- 
pany and  Jaeger.  Short  guide  vanes  make  a  large  number  nec- 
essary for  a  given  diameter  and  a  consequently  increased  loss 
due  to  large  friction  surfaces,  a  greater  number  of  edges  exposed 
to  the  air  stream  and  the  breaking  up  of  the  air  into  numerous 
streams  of  small  cross-sectional  area  compared  with  the  friction 
surfaces  encountered.  In  a  free-vortex  blower  the  entire  mass 
is  kept  solid,  which  is  the  reason  that  the  friction  loss  is  so  much 
smaller  at  all  loads  than  in  any  form  of  guide-vane  machine. 

Messrs.  Eice,  Moss  and  Crissev  have  little  fault  to  find  with 
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the  discussion  of  the  dirt'iision  tube  and  apparently  accept  it  as 
correct.  Mr.  Moss,  however,  has  misunderstood  it.  He  agrees 
witli  the  theory,  but  incorrectly  interprets  it  by  saying  that  "  as 
the  volume  passing  through  the  blower  changes  so  as  to  change 
the  velocity  at  the  beginning  of  the  tube,  the  blower  itself  pro- 
duces a  pressure  corresponding  to  the  new  conditions."  This 
statement  would  be  true  if  the  velocity  of  the  stream  of  air 
approaching  the  "  beginning  of  the  tube  "  varied  directly  as  the 
volume,  or  in  other  words  if  the  speed  of  the  blower  always 
varied  directly  as  the  volume,  but  at  a  constant  r.p.m.  the  veloc- 
ity of  approach  varies  only  slightly  at  the  tips  of  the  blades 
regardless  of  the  volume  delivered,  and  the  writer  was  discussing 
the  characteristics  of  the  two  types  of  blowers  at  constant  speed. 
Furthermore,  Mr.  Moss  will  not  obtain  the  conditions  stated, 
namely,  constant  relation  of  velocity  of  approach  and  pressure 
of  equilibrium,  even  with  a  constant  volume  regulator,  since  the 
pressure  required  with  the  same  volume  will  vary  over  wide 
ranges,  whereas  the  r.p.m,  varies  as  the  square  root  of  the  work 
done  in  foot-pounds  per  pound  of  air. 

The  writer  was  misunderstood  in  the  statement  in  Par.  22, 
"  for  some  fixed  relation  between  the  velocity  of  approach  and 

final  pressure   constant  delivery  is  also  possible."     This 

applies  only  to  the  points  of  maximum  efficiency  of  the  diffu- 
sion tube,  since  it  is  obvious  that  as  long  as  the  pressure  in  the 
receiver  R^  "  wdiich  is  controlled  by  a  valve,  or  other  means,"  is 
kept  below  the  pressure  which  gives  maximum  efficiency  of  the 
tube  for  the  given  velocitj^  of  approach,  the  pressure  in  the 
receiver  will  remain  very  nearly  constant. 

INIr.  Moss  uses  the  same  example  in  regard  to  the  conversion 
of  kinetic  energy  that  Mr.  Eice  uses,  namely,  the  action  of  a 
venturi  meter,  but  the  author  has  pointed  out  the  difference  be- 
tween the  action  of  a  venturi  meter  difi'user  and  the  conditions 
under  wdiich  it  operates,  and  the  conditions  under  which  the 
diffuser  of  a  blower  operates.  As  previously  pointed  out,  the 
error  arising  from  such  a  comparison  is  due  to  the  fact  that  • 
wdiereas  in  the  centrifugal  blower  the  velocity  of  approach  before 
the  mouth  of  the  diffusion  tube  is  very  nearly  constant,  in  the 
case  of  the  venturi  meter  the  velocity  of  approach  is  always 
directly  proportional  to  the  flow  through  the  meter.  Further- 
more venturi  meters  as  ordinarily  emploj^ed  handle  water  which 
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is  for  all  practical  purposes  incompressible.  The  pressure  fluctu- 
ations which  might  be  noticeable  when  used  for  the  measure- 
ment of  air  would  not  be  noticeable  in  the  handling  of  water. 

So  long  as  a  blower  fitted  with  guide  vanes  operates  at  a  point 
below  its  maximum  efficiency  for  any  given  delivery  and  r.p.m., 
pulsations  of  any  serious  nature  can  be  entirely  eliminated,  as 
was  pointed  out  by  Mr.  Eice  in  his  paper  on  the  Commercial 
Application  of  the  Turbine  Turbo-Compressor,  However,  since 
the  guide-vane  blower  has  admittedly  by  the  discussion  of 
Messrs,  Rice,  Moss  and  Crisse}^,  a  less  efficient  conversion  of 
velocity  into  pressure  at  light-load  as  well  as  loads  in  excess  of 
that  for  which  they  are  designed,  and  that  in  order  to  avoid 
fluctuations  of  pressure,  the  efficiency  must  be  still  further  re- 
duced, is  sufficient  evidence  in  itself  to  prove  that  a  free-vortex 
blower,  which  is  capable  of  attaining  an  efficiency  of  75  to  80 
per  cent  at  full-load  with  rising  pressure  characteristic  from 
full  to  no-load,  is  far  more  desirable  than  a  blower  fitted  with 
guide  vanes,  which  under  any  conditions  whatsoever  necessitates 
the  use  of  a  speed  regulating  mechanism  in  order  to  give  it  the 
slightly  decreasing  pressure  characteristic  obtained  in  a  free- 
vortex  blower  at  constant  speed.  In  other  words,  where  a  very 
rapidly  decreasing  pressure  characteristic  is  essential,  it  is  evi- 
dent that  since  the  free-A^ortex  blower  has  of  itself  a  decreasing 
pressure  characteristic  at  constant  speed  a  smaller  variation  of 
speed  is  necessary  in  order  to  give  any  given  slope  of  pressure 
characteristic  than  is  required  in  the  guide-vane  blower.  This 
means  of  course  a  higher  efficiency  of  the  driving  turbine  or 
motor. 

Mr.  Moss  next  takes  up  the  mathematical  ])art  of  the  paper, 
showing  hoAv  this  can  be  very  much  simplified.  The  several  rea- 
sons which  he  presents  are  perfectly  correct.  In  such  a  deduction 
as  Mr.  Moss  has  given,  for  instance,  of  the  centrifugal  com- 
pression in  the  impeller,  it  Avould  be  difficult  for  the  reader  to 
understand  the  explanation  unless  he  was  already  familiar  with 
.exactly  what  takes  place  in  the  impeller  of  a  blower.  The  same 
applies  to  the  deduction  of  Avhat  happens  in  a  free  vortex  as  it 
would  be  very  simple  to  show  that,  since  the  velocity  in  the  free 
vortex  is  inversely  proportional  to  the  radius  it  is  evident  for 
instance  that  if  a  point  is  taken  at  twice  the  radius  of  the  im- 
peller, the  velocity  would  be  one-half  that  at  the  blade  tips,  and 
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therefore,  its  eneroy  oiie-foiirth,  whence  three-(|iiarters  of  the 
eiiero'v  at  the  tips  of  the  hhules  woiihl  have  been  converted  into 
the  form  of  ])otential  energy  as  rejiresented  by  an  increase  of 
pressure.  The  same  also  ajiplies  to  the  analysis  of  the  ditfnsion 
lube  for  Ik'rnouilli's  theoi'em  states  that  the  velocity  varies  in- 
\ersely  as  (he  area  and  conse(|uently  for  an  inctmipressible  fluid 
(or  small  ]n'essure  variation  in  a  compressible  fluid),  it  is  evi- 
dent that  if  the  month,  or  large  end  of  the  ditl'usion  tube  is  twice 
the  area  of  the  inlet  end,  the  velocity  mnst  be  one-half  that  at 
the  inlet,  and  consecjuently  has  kinetic  energy  (;nly  one-fourth 
as  great  as  at  the  inlet.  Since  only  one-fourth  of  the  kinetic 
energy  is  left  at  the  mouth  of  the  diffusion,  three- fourths  of  the 
kinetic  energy  must  be  converted  theoretically  at  least  into  the 
potential  form,  namely,  by  a  rise  of  pressure.  The  author  would 
call  Mr.  Moss's  attention  to  the  fact  that  in  the  equation 

Q  =  ()540^^-V(A'+l)A- 

the  constant  is  not  GOVi>  r/  -/  C  since  the  mechanical  equivalent 
of  heat  /  does  not  appear  in  this  formula.  Also,  in  Mr.  Moss's 
equation  for  the  work  done  by  adiabatic  expansion,  the  mechan- 
ical equivalent  of  heat  should  be  omitted. 

Mr.  Moss  also  gives  a  formula  for  the  horsepower  in  which 
he    uses    the    author's    K    the    absolute    inlet    pressure    and    a 

cimstant,  H  rz:  _! 2„.      The  constant   HHSO   in   this   formula 

3330   7—1 

appears  to  be  incorrect  and  since    -y   is  essentially  constant  for 

all  the  so-called  perfect  gases,  the  author  does  not  see  why  Mr. 

Moss  did  not  include  — '^ — in  his  constant  3330.     Mr.  Moss's 

7—1 
criticism  of  the  author's  long  equations  is  not  justified  inas- 
nuich  as  the  layman  in  order  to  see  exactly  the  processes  which 
are  going  on  during  the  operations  in  a  blower,  must  see  these 
in  the  differential  form.  For  those  familiar  with  the  actions 
in  a  blower,  the  shortened  jirocesses,  of  course,  are  equally  clear. 
Had  this  part  of  the  paper  been  published  in  its  entirety,  the 
criticism  of  the  long  formida  would  not  have  been  necessary,  as 
the  author,  in  the  main  part  of  the  text,  even  omitted  the  cancella- 
tion  of  similar  terms  of  the  numerator  and  denominator  of  the 
various  equations  in  order  that  the  reader  could  follow  through 
in  eas)^  steps  the  derivation  of  the  final  equation. 
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Because  of  this  criticism  the  author  here  presents  the  con- 
tracted formula  relating  to  the  adiabatic  expansion  and  com- 


pression of  air  and  curves  of  the  value  of 


(r-] 


K 


on  a  scale  sufficiently  large  that  the  value  of  K  and  the  value  of 

P  .  . 

i  can  be  found  with  sufficient  accuracy  for  all  practical  and 

experimental  purposes,  and  can  likewise  be  used  for  solving  the 
equation  for  the  pressure  correction  given  in  Par.  G8.  It  will  be 
necessary  in  this  case  to  work  backward  from  K  to  the  value 

P 

of  —^  on  the  diagrams,  imagining  a  1  in  front  of  the  decimal 

point  of  the  values  of  K. 

Mr.  Crissey  has  criticized  the  author  and  stated  that  he 
has  evidently  compared  the  free-vortex  blower  with  turbo- 
blowers of  inferior  design,  and  that  sharp  peak  and  rapid 
drop  of  efficiency  on  either  side  of  the  peak  are  apparently 
characteristic  of  poor  design.  However,  the  writer  has  failed 
to  find  any  authentic  tests  of  guide-vane  blowers  which  show 
a  smoother  efficiency  characteristic  than  that  shown,  in  spite  of 
the  fact  that  some  of  the  tests  of  guide-vane  blowers  which  he 
has  examined  indicate  an  efficiency  as  high  as  78  per  cent. 

Mr.  Crissey  states  that  "  every  builder  of  turbo-blowers,  turbo- 
pumps  and  turbo-compressors  would  like  to  omit  diffusion  vanes 
because  they  add  to  the  expense  of  production,  but  experience 
has  shown  that  they  are  advantageous.  Their  use  led  to  the 
introduction  of  high-pressure  centrifugal  pumps,  etc."  He  will 
find,  however,  that  there  are  other  reasons  for  the  use  of  the 
vanes,  namely,  the  introduction  of  guide  vanes  as  an  easy  means 
of  overcoming  difficulties  which  were  at  that  time  not  really 
understood  by  designers,  but  perfectly  well  known  to  those  suffi- 
ciently informed  on  the  theory  of  centrifugal  compressing  and 
pumping  apparatus. 

Referring  to  Mr.  Crissey's  discussion  of  the  impeller  construc- 
tion, he  together  with  Messrs.  Rice  and  Moss,  apparently  entirely 
misunderstood  the  author's  meaning  in  regard  to  straight  radial 
vanes  and  what  was  meant  by  "  the  lowest  blade  speeds.'' 

For  tip  speeds  less  than  800  or  400  ft.  per  sec.  built-up  con- 
struction may  be  satisfactory  -provided  the  blades  are  not  too 
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broad  in  axial  direction  so  that  the  unsupported  surface  in  pro- 
portion to  the  work  done  by  one  blade  is  not  too  great.  Where 
the  blade  speed  exceeds  300  or  400  ft.  per  sec,  built-up  construc- 
tion may  be  satisfactory  provided  the  blades  are  very  narrow 
in  an  axial  direction  and  that  the  work  done  per  blade  is  small. 
Mr.  Eice  has  referred  to  the  fact  that  of  the  hundreds  of  ma- 
chines which  have  been  built  in  Europe  only  a  few  are  in  opera- 
tion, and  has  suggested  that  this  is  due  to  the  method  of  bal- 
ancing employed  by  Eateau,  but  as  a  matter  of  fact  Mr.  Eice 
will  find  that  most  of  the  blowers  which  are  not  operated  are 
out  of  commission  because  of  improper  impeller  construction. 

Mr.  Crissey  remarked  that  numufacturers  who  have  employed 
milled-out  construction  have  abandoned  it  and  returned  to  the 
built-up  construction,  but  he  has  omitted  to  state  that  this  was 
done  because  the  built-up  construction  is  much  cheaper  than 
the  solid  construction.  The  author  is  familiar  with  a  number 
of  cases  where  impellers  running  at  only  a  moderate  speed  of 
between  300  and  500  ft.  per  sec.  have  vibrated  to  such  an  extent 
as  to  loosen  the  riveting  and  wreck  the  machines.  In  speeds 
exceeding  500  ft.  per  sec.  and  any  considerable  blade  width, 
except  for  the  commercial  reason  of  cheapness  of  manufacture, 
there  is  no  logical  excuse  for  using  anything  but  the  solid  rotor 
construction. 

Mr.  Crissey  states  that  he  prefers  the  European  method  of 
testing  to  author's;  that  is,  the  measurement  of  the  air  at  the 
intake  of  the  blower  instead  of  at  the  discharge,  and  gives  as 
one  of  his  objections,  that  it  necessitates  correcting  the  volume 
of  air  from  the  discharge  pressure  and  temperature  at  the  mouth 
of  the  nozzle  to  that  of  the  atmospheric  pressure  and  tempera- 
ture. To  one  designing  blowers  so  simple  a  problem  should 
not  present  such  great  difficulty  and  so  great  a  source  of  probable 
error. 

Following  is  a  standard  clause  of  all  blower  contracts  of  The 
Westinghouse  JSIachine  Company,  showing  the  method  of  con- 
ducting tests,  and  Mr.  Crissey  will  note  that  the  volume  deliv- 
ered by  the  blower  is  not  only  measured  at  the  intake  but  at  the 
discharge  as  well,  and  the  volume  as  measured  at  the  discharge 
nnist  check  within  one-half  of  1  per  cent  of  the  volume  as  meas- 
ured at  the  intake.  The  writer  believes  this  eliminates  an}^ 
chance  of  error. 
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METHOD  OF  TESTING  HIGH  PRESSURE  CENTRIFUGAL  BLOWERS 

The  method  of  test  which  shall  constitute  part  of  this  contract  will  be 
the  operation  of  the  blower  at  constant  speed.  The  volume  of  air  han- 
dled and  the  efficiency  of  the  blower  will  be  calculated  from  the  equations 
given  on  Drawing  G404S  attached ;  the  readings  of  pressure  and  tempera- 
ture to  be  taken  as  shown  in  Fig.  20. 

As  shown  in  Fig.  29,  the  volume  will  be  checked  by  three  meth- 
ods, viz. :  the  flow  as  calculated  through  a  nozzle  on  the  intake  to  the 
blower,  flow  as  calculated  from  a  nozzle  on  the  discharge  of  the  blower 
located  approximately  as  shown  in  the  drawing,  and  as  a  check  against 
the  volumes  as  measured  from  the  intake  and  discharge  nozzles,  the  vol- 
ume will  likewise  be  checked  by  the  difference  between  the  static  pres- 
sure measured  at  the  discharge,  and  the  total  (or  static  plus  velocity  pres- 
sure) as  measured  by  a  Pitot  tube,  as  shown  at  the  upper  part  of  Fig.  20. 
The  volume  actually  handled  shall  be  considered  as  equal  to  the  mean  be- 
tween the  volume  measured  at  the  inlet  nozzle  and  that  measured  at  the 
discharge  when  the  latter  has  been  corrected  to  the  inlet  conditions,  ac- 
cording to  the  formula  given  on  Ddawing  C4048.  The  pressure  at  the 
throat,  or  minimum  section  of  the  intake  nozzle,  shall  be  taken  at  four 
points  as  shown  attached  hereto. 

In  the  intake  a  Pitot  tube  shall  be  inserted,  as  shown  in  Fig.  30,  and 
readings  taken  at  each  1  in.  of  the  radius,  the  first  reading  being  taken 
Vo  in.  from  the  side  of  the  throat.  The  temperature  shall  be  taken  at  four 
points  at  arbitrary  radii,  as  indicated  by  the  thermometer  on  Fig.  29. 

The  mean  static  pressure  at  the  discharge  in  the  blower  and  the  mean 
temperature  shall  be  taken  by  means  of  four  thermometers  and  four  pres- 
sure connections,  arranged  similarly  to  Fig.  50,  except  that  Pitot  tube  read- 
■  ings  need  not  necessarily  l)e  taken  at  this  point. 

The  co-efficient  of  flow  for  the  intake  shall  be  taken  as  0.995,  and  the 
co-efficient  for  the  discharge  shall  be  taken  as  0.99. 

If,  without  resorting  to  the  Pitot  tube  readings,  the  volumes,  when  re- 
duced to  a  common  basis  as  calculated  from  the  intake  and  discharge  ori- 
fice, do  not  check  within  one-half  of  one  per  cent,  both  the  intake  and  the 
discharge  shall  be  searched  by  means  of  a  Pitot  tube,  as  indicated  in  Fig. 
30,  and  other  discharge  co-efficients  calculated  from  the  Pitot  tube  readings. 

As  the  intake  nozzle  and  the  discharge  nozzle  are  of  very  cousideraltly 
different  diameters,  if,  assuming  the  above  co-efficients,  the  flow  reduced 
to  a  common  basis  checks  within  one-half  of  one  per  cent,  this  would  in 
itself  constitute  a  proof  of  the  correctness  of  the  method  of  measurement, 
since,  if  there  is  any  considerable  correction  for  the  coefiicient  of  contrac- 
tion of  flow  through  an  orifice  when  constructed  in  accordance  with  the 
drawings  attached,  the  co-efficient  of  contraction  would  vary  considerably 
with  the  diameter,  and  consequently  the  flow,  as  calculated  from  two  noz- 
zles of  different  diameters,  could  nut  possibly  check  within  the  limits  above 
described. 

If  the  barometric  i)i'essure  existing  during  the  trials,  and  the  tempera- 
ture of  the  air  at  the  inlet  varies  from  that  specified  in  the  contract,  the 
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correction  of  tlie  discharge  pressure  for  the  barometric  reading  and  the 
inlet  temperature  sliall  be  made  in  accordance  with  the  formula  PS 


P\  =  P 


It: 


(r-] 


+  1 


this  formula  for  correcting  the  discharge  pressui-e  being  used  only  should 


<=■  Mercury 
Co/umA 


Fig.   29      Diagrammatic  Arrangement  of   Centrifugal  Blower   Testing 

Apparatus 


■To  Scale  B 

Fig.  30     Plan  View  of  Blower  Inlet 


the  pressure  on  test  fall  below  that  called  for  in  the  contract,  the  efficiency 
being  independent  of  the  temperature  at  the  inlet. 
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III  any  blower  operated  continuously  at  no-load,  whether  of 
the  guide-vane  or  of  the  free-vortex  tyi)e,  the  temperature  of 
the  air  rises  owing  to  friction  losses  in  the  blower,  and  as  the 
temperature  rises  the  density  of  the  air  decreases.  Conseciuently, 
since  for  a  given  tip  speed  or  constant  r.p.m.,  only  a  fixed  num- 
ber of  foot-pounds  of  Avork  per  pound  of  air  can  be  done  in  the 
impeller,  there  will  be  a  rise  and  fall  of  pressure  due  to  the  fact 
that  as  the  temperature  increases,  part  of  the  air  within  the 
casing  will  back  into  the  intake,  and  will  be  replaced  by  cooler 
air  by  mixing.  This  will  again  cause  the  pressure  to  increase 
owing  to  the  greater  density  of  the  cooler  air,  and  the  blower 
to  rise  to  a  higher  pressure  than  it  can  maintain;  but  it  is  only 
at  no  delivery  that  this  phenomenon  occurs  in  a  free-vortex 
blower,  whereas,  unless  run  at  an  overload  for  a  given  r.p.m., 
this  occurs  at  all  loads  on  a  guide-vane  blower. 

Mr.  Crissey  gives  a  formula  for  equivalent  weight  of  air  in 
pounds  per  second  entering  the  blower  inlet,  but  the  author 
believes  that  he  will  find  that  this  is  rather  more  complicated 
than  the  contracted  formula  when  used  with  the  curves  belong- 
ing to  it.  Apparently  from  the  nomenclature  employed  by  Mr. 
Crissey,  it  is  evident  that  he  follows  the  directions  furnished 
with  the  license  to  build  Pokorny  &  Wittikind's  blowers. 

The  author  wishes  to  thank  Mr.  Crissey  for  calling  his  atten- 
tion to  the  errors  in  Par.  13,  and  in  Fig.  10,  as  both  the  pressure 
and  efficiency  curve  of  the  30,000-cu.  ft.  blower  should  have  been 
lettered  3600  r.p.m. 

In  regard  to  the  symbol  P  in  general  throughout  the  paper, 
this  refers  to  the  static  pressure,  but  it  may  also  be  used  under 
some  circumstances  as  a  static  plus  the  velocity  head.  P^  is 
always  the  inlet  pressure  to  the  blower,  or  the  inlet  pressure  of 
the  impeller  of  any  given  stage  of  a  multi]:)le-stage  blower  under 
consideration,  and  2\  is  always  the  absolute  temperature  at  the 
entrance  to  the  inlet  of  the  blower,  or  the  inlet  of  any  given 
stage  of  the  multiple-stage  bloAver  under  consideration. 

Mr.  de  Laval  refers  to  some  works  on  blowers  with  which  the 
author  is  familiar,  but  their  discussion  is  impossible  at  this  time 
owing  to  the  fact  that  there  are  so  many  discrepancies,  and  in 
some  cases,  falsely  assumed  conditions  employed  in  the  various 
articles  and  liooks  referred  to,  that  space  would  not  })ermit  e^'en 
of  ])ointing  tliese  out. 
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Mr.  (le  Laval  states  "  that  the  experiments  by  Rateaii,  Parsons, 
etc.,  distinctly  point  to  the  rational  design  of  ditl'users  as  solving 
this  problem."  He  refers  to  Parson's  experiments  and  says  that 
after  building  Parson  blowei"S  of  the  axial  compression  type  he 
found  that  the  centrifugal  blower  was  more  eflicient  and  pro- 
ceeded to  i)roduce  similar  blowers.  The  axial  compression  blower 
of  Parson's  depends  entirely  upon  the  velocity  conversion  in 
curved  diffusion  tubes,  namely,  the  stationary  vanes  located  be- 
tween the  moving  vanes  of  the  i)lower,  and  also  in  the  moving 
blades.  As  the  low  efficienc}^  of  the  Parson  blower  is  well  known, 
Mr.  de  Laval  has  selected  a  very  poor  reference  in  proving  the 
efficiency  of  guide  vanes. 

He  likewise  says  that  the  calculation  of  a  centrifugal  com- 
pressor is  similar  to  that  of  a  centrifugal  pump  and  gives  the 

v'~  s 
formula  p  =  .     This  same  error  occurs  in  the  book  of  "  Os- 

tertag,"  to  which  Mr.  Crissey  referred  and  is  absolutely  incor- 
rect, for  anything  but  a  very  low  pressure. 

Mr.  de  Laval  has  evidently  entirely  overlooked  the  true  mean- 
ing of  the  deduction  of  the  author's  equation 

7\'  —  r, 

inasmuch  as  the  derivation  of  this  formula  was  simply  to  show 
that  regardless  of  what  method,  or  from  what  source  the  losses 
occurred,  it  still  holds  true.  It  was  only  to  state  this  in  differen- 
tial form  so  that  the  processes  at  every  point  and  instant  could 
be  appreciated  by  the  reader  that  this  deduction  was  made.  It 
is  evident  that  if  the  law  of  conservation  of  energy  is  granted, 
it  is  necessary  that  the  heat  put  in  at  the  shaft  must  appear  as 
a  sum  of  the  heat  reappearing  as  useful  Avork  plus  the  heat 
wasted  in  other  ways.  This  in  itself  is  a  proof,  but  is  not  so 
easily  understood. 

Mr.  de  Laval  states  that  this  method  of  testing  is  not  correct 
because  of  the  fact  that  there  is  some  radiation  from  the  casing 
of  the  blower,  and  also  some  heat  lost  in  the  bearings  which  does 
not  appear  at  the  discharge  of  the  blower.  This  is  correct,  but 
he  will  find  that  compared  with  the  total  heat  energy  going 
through  the  blower  in  a  given  time  the  small  area  exposed  for 
radiation  and  loss  of  heat  by  convection  and  the  powder  lost  in 
the  bearings  is  so  sniall  that  it  is  within  the  limits  of  the  errors 
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of  observation  in  ordinary  commercial  tests.  This  is  especially 
true  on  blowers  designed  like  those  of  the  AVestinghonse  Machine 
Company  where  the  greater  part  of  all  the?  bearing  friction  heat 
equivalent  is  conducted  by  the  metal  to  the  intake,  which  warms 
the  air,  and  where  part  of  the  radiation  is  eliminated  due  to 
the  fact  that  the  intake  surrounds  a  large  proportion  of  the  cas- 
ing of  the  blower.  For  these  reasons,  for  all  practical  purposes 
this  method,  if  carefully  employed,  is  probably  more  accurate 
than  measuring  the  horsepower  and  volume,  pressure  and  cal- 
culating the  efficiency  from  these  quantities. 

One  serious  objection,  however,  to  the  temperaturfe  method  of 
determining  the  efficiency  is  that  the  greatest  care  must  be  taken 
to  insure  that  warm  air,  as  for  instance  froui  imder  the  engine- 
room  floor,  does  not  enter  the  intake  of  the  blower  unless  the 
blower  is  so  constructed  that  it  is  possible  to  get  the  average 
temperature  of  the  air  after  entering  the  inlet.  This  is  the 
reason  for  the  difference  between  the  efficiency  as  measured  from 
the  b.h.p.  input  and  the  temperature  method  in  the  example 
of  the  blower  tests  given  in  the  paper.  The  low  efficiency  shown 
by  the  temperature  method  was  due  to  the  fact  that  warm  air 
in  considerable  quantities  was  drawn  in  from  under  the  power 
house,  whereas  the  inlet  temperature  Avas  taken  in  the  passage 
leading  to  the  blower  and  the  readings  taken  at  this  point  were 
considerably  lower  than  the  average  actual  temperature  of  the 
air  entering  the  blower.  It  was  rather  interesting  in  this  par- 
ticular instance  to  note  that  whether  the  temperature  method 
showed  a  higher  efficiency  than  the  b.h.p.  method,  or  vice  versa, 
depended  upon  the  direction  of  the  wind  prevalent  at  the  time 
the  test  was  being  run,  as  this  varied  the  amount  of  warm  air 
drawn  in  from  the  power  house  basement. 

Mr.  Guy  has  entered  upon  a  discussion  of  the  relation  of  the 
impeller  and  casing.  He  puts  forth  the  theory  that  the  entire 
action  of  the  air  or  fluid  in  a  l)lower  or  compressor  depends 
practically  only  upon  the  design  of  the  impeller.  Mr.  Guy  lays 
particular  stress  upon  the  shaping  of  the  blade  between  the  inlet 
and  outlet,  but  the  author  believes  that  provided  other  dimen- 
sions of  the  rotor  are  properly  made,  the  actual  form  of  the  curve 
between  the  inlet  and  outlet  has  very  little  influence  upon  the 
efficiency  of  the  blower. 

The  author  agrees  with  Mr.  Guv  in  that  anv  formula  which 
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involves  only  the  inlet  and  outlet  angles  of  an  impeller  without 
other  considerations  will  not  give  satisfactory  results.  Of  all 
the  works  he  has  ever  reviewed  on  the  subject  of  the  design  of 
pumps  or  blowers  with  curved  vanes,  he  has  not  found  one 
formula  which  agrees  with  practice.  As  Mr.  Guy  says,  the 
area  of  the  passages  through  the  impeller  between  the  inlet 
and  outlet  determines  its  characteristics  and  its  efficiency.  That 
is  the  efficiency  of  the  impeller  alone. 

Plowever,  Mr.  Guy  is  mistaken  as  to  the  importance  of  the 
design  of  the  impeller,  since  with  a  suitable  design  of  casing 
and  proper  proportions  of  impeller  it  is  possible  to  use  vanes 
of  anv  I'easonable  shape,  either  tipped  backwards  radially  or  for- 
wards, and  still  obtain  the  same  efficiency,  provided  that  the 
])roportions  and  design  of  the  casing  are  suitable  for  the  par- 
ticular type  of  impeller  employed.  Mr.  ihiy  is  also  in  error  in 
regard  to  the  efi'ect  which  the  casing  or  its  form  has  upon  the 
performance  of  a  1)low"er,  regardless  of  the  type  of  impeller  em- 
ployed. The  author  has  tests  on  low-pressure  blowers  which 
show  that  the  characteristics  of  the  impeller  itself  can  be  totally 
changed  by  a  very  slight  alteration  in  the  form  of  the  casing. 
Likewise,  the  capacity  at  which  the  maximum  efficiency  occurs 
and  the  maximum  capacity  which  can  be  obtained  from  the 
blower  with  a  free  discharge  is  determined  by  the  casing  more 
than  by  the  impeller  itself. 

It  may  be  interesting  to  note  in  this  connection  that  the  writer 
has  run  a  very  large  number  of  tests  on  low-pressure  blowers  in 
which  the  actual  static  pressure  at  the  tip  of  the  blades  was  less 
than  that  at  the  inlet  and  the  air  entering  the  impeller  or  rotor 
revolved  in  the  opposite  direction  to  the  rotation  of  the  impeller. 
The  explanation  of  this  phenomenon,  which  so  far  as  the  author 
knows,  has  never  been  observed  in  any  previous  tests  on  cen- 
trifugal blowers,  is  due  to  the  fact  that  the  pressure  head  created 
by  the  impeller  itself  was  not  sufficient  to  balance  the  kinetic 
energy  required  to  produce  the  velocity  of  entrance  into  the  im- 
peller, the  difference  between  the  pressure  head  created  in  the  im- 
peller and  that  necessary  to  cause  the  entrance  into  the  impeller 
being  produced  entirely  by  the  casing.  In  spite  of  this  fact,  an 
efficiency  of  over  65  per  cent  was  obtained  under  this  condition. 
The  efficiency  of  the  impeller  itself  being  a  minus  quantity  and 
the  entire  useful  work  being  accomplished  in  free  vortex.    This 
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should  also  be  sufficient  proof  to  convince  Messrs.  Kice,  Moss 
and  Crissov  of  the  efficiency  of  a  free  vortex  when  properly 
designed,  and  furthermore,  this  rotor  had  a  decreasing  or 
drooping  pressure  characteristic. 

In  regard  to  Mr.  Guy's  remark  concerning  "  the  blower  de- 
scribed is  the  same  as  that  which  forms  the  subject  of  the  dis- 
cussion of  R.  N.  Ehrhart  on  the  paper  on  turbo-compressers^  is 
simply  an  enlarged  fan  of  the  type  as  described  and  made  by 
Professor  Rateau  some  years  ago,"  the  author  wishes  to  call  his 
attention  to  the  fact  that  the  fan  made  by  Professor  Rateau 
some  years  ago  was  totally  different  from  that  of  which  Mr. 
Ehrhart  spoke. 

At  this  point  it  might  be  well  to  point  out  to  Mr.  Guy  that 
in  the  opening  paragraph  of  the  author's  paper,  he  stated  he 
claimed  no  originality^  whatsoever  for  the  matter  presented.  Mr. 
de  Laval's  statement  that  the  influence  of  the  shape  of  the  casing 
was  pointed  out  by  Poillon  in  a  book  on  Pumping  Machinery 
about  30  years  ago,  is  rather  a  recent  reference  as  this  matter 
was  fully  investigated  by  the  late  liOrd  Kelvin  at  a  much  earlier 
date  and  has  been  on  record,  but  apparently  there  have  been  feAv 
engineers  who  have  sufficiently  understood  Lord  Kelvin's  deduc- 
tions to  put  them  into  practise. 

Regarding  Mr.  Guy's  Figs.  2T  and  28  and  his  reference  to  the 
fact  that  two  impellers  with  differently  shaped  vanes  produced 
the  same  pressure  at  no-load  was  very  interesting.  The  impeller 
with  vanes  curved  backwards  and  that  with  the  vanes  curved 
forwards  show  distinctly  that  the  box  form  of  casing  employed 
by  Mr.  Guy  is  extremely  inefficient  at  light-load.  With  the  vanes 
tipped  backwards  it  is  true  that  within  reasonable  limits,  if  the 
outlet  is  not  choked  in  any  manner  by  making  the  outlet  angle  suf- 
ficiently small  and  running  at  a  high  r.p.m.  compared  with  the 
Avcrk  done  in  order  to  reduce  the  disc  friction  or  rotation  losses, 
it  is  possible  to  get  a  very  high  efficiency  without  any  means 
whatsoever  of  reconverting  the  final  velocity  into  pressure.  In 
fact,  if  it  were  not  for  friction,  if  the  vanes  made  a  zero  angle 
with  the  tangent  at  the  periphery,  100  per  cent  efficiency  would  be 
theoretically  possible  without  any  casing  or  other  means  of  recon- 
verting velocity  into  pressure.  The  s]ieed  for  any  ]iressure  would 
however,  have  to  be  infinity  in  this  case. 

1  Trails.  Am.  Soc.  M.  E.  vol.  33,  p.  396 
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TTnfortiiniitoly,  however,  the  tip  speed  required  even  in  a 
radial-bhide  impeller  to  create  any  considerable  air  pressure  is 
so  high  that  curved  vanes  which  make  a  small  angle  with  the 
periphery  are  entirely  out  of  the  question  for  practical  Avork. 
Mr.  Guy  has  not  given  the  efficiency  of  the  impeller  with  the 
vanes  tipped  backwards.  His  h.  h.  p.  and  efficiency  curves  for 
the  high-pressure  imjieller,  e.g.,  the  one  with  blades  tipped  for- 
ward, do  not  agree  as  there  is  a  hump  in  the  horsepower  curve, 
whereas  the  efficiency  and  pressure  curves  are  shown  to  be  smooth. 
Some  great  phenomenon  must  have  occurred  at  this  point  in 
order  to  produce  such  results,  but  on  the  face  of  it  there  does 
not  seem  to  be  any  ground  for  thinking  so. 

In  spite  of  the  fact  that  at  no-load  there  is  theoretically  no 
circulation  of  air  through  the  impellers,  one  would  expect  that 
with  the  vanes  tipped  forward,  due  to  the  eddies  which  occur,  a 
higher  pressure  would  be  obtained  than  with  the  blades  turned 
baclrsvards,  though  Mr.  Guy  has  drawn  his  curves  very  nicely 
to  agree  with  the  theoretical  case  of  no  delivery  when  including 
the  air  which  is  revolving  inside  the  impeller  due  to  friction, 
the  head  created  by  any  impeller  regardless  of  the  shape  or  form 
of  the  blades  is  exactly  the  same. 


THE  LUBRICATING  VALUE  OF  CUP  GREASES 

By   a.   L.   Westcott,  ^   Columbia,    Mo. 

Non-Member 

ABSTRACT  OF  PAPER 

Cup  <2:rea.ses  are  made  by  a  process  of  saponifying  animal  or 
vegetable  oil,  as  cotton  seed,  lard  or  tallow.  To  the  soap  thus 
formed  is  added  mineral  oil,  sufficient  to  give  the  desired  con- 
sistency. Manufacturers  supply  greases  of  several  consistencies 
adapted  to  different  conditions  of  lubrication,  each  being  desig- 
nated by  a  number. 

2  While  grease  lubrication  has  a  wide  general  application, 
it  also  has  its  own  special  field  where  it  has  a  marked  advantage 
over  oil.  This  field  is  machinery  in  which  the  operation  is  inter- 
mittent, such  as  cranes  and  hoisting  machinery.  Grease  cups  of 
proper  design  will  supply  ample  lubrication  to  the  bearings  of 
such  a  machine.  They  require  no  attention  except  to  be  filled 
with  grease  when  empty  and,  if  of  the  hand  operated  compres- 
sion type,  grease  has  to  be  forced  into  tlie  bearing  perhaps  once 
or  twice  a  day.  No  lubricant  is  wasted  when  the  machine  is  not 
in  operation,  as  is  likely  to  be  the  case  if  sight  feed  oil  cups  and 
liquid  lubricant  are  used. 

3  It  was  the  purpose  of  the  investigations  which  form  the 
basis  of  this  paper  to  test  a  number  of  greases  under  a  variety  of 
conditions  as  to  bearing  pressure,  temperature,  and  method  of 
application,  for  coefficient  of  friction  and  general  suitability  as 
a  lul)ricant. 

dp:s('I{ii'tion  of  testing  machine 

4  Tests  for  the  coefficient  of  friction  were  made  upon  a  (xolden 
oil  testing  machine.  Fig.  1  is  a  general  vieAV  of  this  machine, 
and  the  side  and  end  elevations  are  shown  in  Fig.  2.  The  bear- 
ing consists  of  a  babbitted  sleeve  which  is  fitted  to  a  shaft  //,  Fig. 
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2.  This  sliafl  runs  in  roller  bearings  F  and  is  driven  ])y  a  motor 
through  the  coupling  L.  The  motor  is  arranged  witli  a  reversing 
switch  so  that  it  may  be  run  in  either  direction  as  desired.  A 
cast-iron  beam  A  is  bored  out  at  the  center  of  its  length  to  fit  the 
bearing,  to  which  it  is  fastened  by  screws.  The  ends  of  this  beam 
are  circular  arcs  struck  from  the  shaft  center.  Flexible  bands 
C  are  attached  to  A  and  support  the  weights  B  by  means  of 


Fig.  1     Golden  Oil  Testing  Machine 


which  the  load  on  the  bearing  is  applied.  The  casting  which 
forms  the  bearing  is  cored  out  so  as  to  provide  a  space  for  a 
jacket  in  which  cold  or  hot  water  or  steam  may  be  circulated  in 
order  to  control  the  temperature.  At  D  a  spring  balance  is  sup- 
ported upon  four  vertical  rods  that  are  screwed  into  the  machine 
top.  This  balance  is  connected  by  a  thin  strip  of  spring  steel 
to  the  post  with  screw  adjustment  at  G.  The  steel  strip  leads 
over  a  ]iart  il/,  cast  on  the  upper  side  of  J.,  and  machined  to  form 
a  circular  arc,  the  center  of  Avhich  is  the  center  of  the  shaft.  The 
radius  of  this  arc  is  ()  in.  and  the  height  of  the  balance  is  such 
that  it  exerts  a  pull  always  in  a  horizontal  direction.    The  weight 


A.   L.    WESTCOTT 


1145 


1146 


THE    LUBRICATING    VALUE    OF    CUP    GREASES 


on  the  end  of  the  beam  opposite  to  D  must  be  nuule  a  little 
greater  than  that  on  the  adjacent  end,  so  that  a  positive  pull  will 
always  be  exerted  in  whic'he\'er  direction  the  motor  is  running. 
A  pointer  A\  attached  to  one  end  of  the  table  top,  enables  the 
operator  to  bring  the  beam  to  any  desired  angular  position. 
Holes  are  drilled  in  each  end  of  the  bearing  for  the  insertion  of 
theiMHometers  A',  the  bulbs  of  which  are  brought  close  to  the  side 
of  the  journals,  so  as  to  obtain  an  indication  of  the  bearing  tem- 
perature as  nearly  correct  as  possible. 

5     As  originally  constructed,  the  machine  dilfei-ed  in  several 
details  from  that  shown  in  Fig.  2. 


Fig. 


Bearinu   for   (tRease  Testing 


Oil  Pipe 


Thermometer 
Hole 


Fig.  4      Bearing  for   Grease  Testing 


f)  The  bearing  as  supplied  by  the  makers  was  2%  in.  in  di- 
ameter, by  5  in.  long.  With  the  largest  load  that  the  suspending 
chains  would  safely  carry  this  gave  only  about  50  lb,  per  sq.  in. 
of  projected  area.  It  was  desired  to  carry  the  bearing  pressures 
much  higher  than  this.  The  length  of  bearing  was  therefore 
reduced  to  l^/o  in.  as  shown  in  Fig.  ?>.  there  being  two  rings  of 
%  in.  in  length  each.  The  temperature  was  determined  by  a 
thermometer  inserted  into  the  jacket  as  shown  in  Fig.  3,  which 
also  shows  the  manner  of  applying  the  lubricant. 

7     The  bearing  of  Fig.  3  was  not  satisfactory.     It  appeared 


A.    L.    WESTCOTT  1147 

flint  the  j)r()i)()rtion  of  length  to  cliameter  was  bad,  at  least  for 
grease  lubrication.  The  grease  was  applied  by  means  of  a  hand 
operated  grease  cup  of  the  compression  type.  The  counterbore 
between  the  two  bearings,  where  the  grease  Avas  forced  in,  was 
large  enough  to  form  a  reservoir,  and  it  was  thought  that  the 
grease  w^ould  feed  in  so  as  to  maintaih  constant  lubricating  con- 
ditions. This  did  not  prove  to  be  the  case.  After  an  application 
of  grease  the  friction,  momentarily  reduced  thereby,  would  begin 
to  increase  steadily.  lender  these  conditions  a  plot  of  friction 
against  time  would  look  like  the  profile  of  a  rip  saw;  a  series  of 
lines  inclined  more  or  less  steeply  to  the  horizontal,  and  connected 
by  verticals  where  the  grease  cup  was  operated. 

8  With  a  view  to  obtaining  a  more  satisfactory  form  of  bear- 
ing, the  change  indicated  by  Fig.  4  Avas  made.  The  diameter  was 
reduced  to  li/4  in.  and  the  length  increased  to  2  in.  A  sleeve 
made  to  fit  the  old  bearing  was  bored  out  and  babbitted  to  this 
size.  The  lubricant  was  applied  at  one  side  through  a  hole  run- 
ning lengthwise  of  the  sleeve  and  was  distributed  along  the  jour- 
nal by  a  groove,  as  shown  in  the  figure.  A  hole  was  drilled  for 
the  insertion  of  a  thermometer  close  to  the  journal.  The  tempera- 
ture was  controlled  by  the  same  water  jacket  as  w^as  used  at  first 
(Table  2). 

CLASSIFICATION    OF    TESTS 

9  Three  series  of  grease  tests  are  included  in  this  paper  and 
in  addition  a  series  of  oil  tests  was  run.  The  grease  tests  will  be 
classified  as  follows : 

A  Tests  to  determine  the  coefficient  of  friction  of  cup 
greases  of  different  densities,  using  hand  operated 
grease  cup,  Avith  intermittent  feed,  the  bearing  of  Fig. 
3  being  employed. 

B  Tests  Avith  the  same  objects  as  in  series  .1,  but  Avith  the 
bearing  of  Fig.  4  employed,  and  for  the  most  part 
using  a  grease  cup  having  a  constant  feed. 

C  A  series  of  tests  Avith  six  ditl'erent  greases  to  determine 
their  behavior  Avhen  applied  in  a  grease  cellar  on  to\) 
of  the  journal,  Avith  a  vieAV  to  their  floAving  into  the 
bearing  by  gravity  Avhen  Avarmed. 

10  Greases  from  tAvo  makers  designated  as  X  and  3'  Avere 
tested  in  series  A  and  B ;  greases  from  six  different  makers,  desig- 
nated bv  numbers  1  to  C,  were  tested  in  series  C. 
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11  'J'Ik'  consi.steiu-y  of  the  <j;reasos  clcsi^iuitcd  by  A'  is  indi- 
caU'd  l)V  iiiiiuhers:  No.  00  being  the  hardest;  No.  6  a  semi-liquid, 
and  the  other  numbers  forming  a  graded  series  between.  Greases 
designated  by  }'  are  likewise  numbered,  but  tlieir  liardest  grease 
has  the  highest  number,  wdiile  No.  1  is  the  softest,  almost  a  semi- 
liquid,  at  ordinary  temperatures;  No.  5  Y  is  of  about  the  same 
consistency  as  No.  00  X. 


Fig.  7     Apparatus  for  Testing  Viscosits  of  Greases 


12  The  greases  of  series  C  may  be  described  as  folloAvs: 

No.  1  soft  spongy  fibrous  in  appearance,  bright  yelloAV 

color 
No.  2  hard  bright  yellow  in  color 
No.  3  soft,  dark  brown  in  color 
No.  4  A'^ery  hard,  light  brown  color 
No.  5  extremely  hard,  looks  and  smells,  like  soap 
No.  6  a  graphite  grease,  soft,  black 

UESCRIPTION    OF   TESTS 

13  The  tests  upon  each  grease  in  series  A  and  B  ^xere  carried 
out  as  follows:  The  load  on  the  l)earing  was  A^aried  for  each 
grease  through  a  range  of  40  to  148  lb.  per  sq.  in.  in  series  A,  and 
53  to  154  lb.  in  series  B.  For  each  load,-  the  test  was  made  at 
temperatures  varying  through  a  wide  range;  beginning  the  test 
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at  a  low  temperature,  which  was  gra(hially  increased  by  succes- 
sive increments  as  the  test  proceeded.  During  the  first  three 
tests  of  series  A,  steam  was  not  available  for  use  in  the  bear- 
ing jacket,  the  elevation  of  temperature  in  these  cases  being 
due  to  the  heat  generated  by  friction.  In  series  B,  and  in  other 
tests  of  series  ^1,  however,  the  temperature  was  controlled  by 
either  water  or  steam  in  the  jacket.     The  tests  show  in  each 
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Density    Number 
Fig.  8      Final   Set  of  Derived  Data   for  B   (iREASE 


4  5^1 

Density        Numbers 

Fig.  1)      Final  Set  of  Derived  Data  for  A   Grease 


case  the  effect  of  rising  temperature  ui>on  the  coefficient  of  fric- 
tion. 

14  The  results  of  the  tests  of  one  grease  of  series  A  are  pre- 
sented in  Table  3,  an  ordinary  engine  oil,  Table  4,  being  taken  for 
the  purpose  of  comparing  it  with  grease  as  a  lubricant  under  the 
same  conditions.  The  tests  of  one  grease  of  series  B  are  found  in 
Table  4  and  Figs.  12  and  13. 

15  For  series  A  and  B  the  plot  was  made  of  ^  vs.  bearing 
temperature.  From  these  curves  were  derived  the  ordinates  nec- 
essary for  the  next  set  of  curves,  (^  xs.  load,  pounds  per  square 
inch  on  the  bearing.  Each  of  these  was  plotted  for  a  constant 
temperature,  curves  for  two  or  more  temperatures  being  em- 
ployed. 
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TEST   DATA 

16  All  the  tests  of  series  G  were  made  at  one  bearing  pressure, 
114  lb.  per  sq.  in.  of  projected  area  of  journal.  These  tests 
were  run  upon  the  bearing  shown  in  Fig.  3.  Two  oil  holes  14 
in.  in  diameter  were  drilled  through  the  bearing  sleeve  at  angles 
of  30  deg.  above  the  horizontal  and  on  opposite  sides  of  the  verti- 
cal center  line.  To  perform  a  test  a  measured  quantity  of  grease 
was  placed  in  the  holes,  the  bearing  was  loaded  to  the  desired 
pressure,  and  the  test  Avas  started  and  continued  without  apply- 
ing any  additional  lu')ricant  until  the  lubrication  failed.  Neither 
water  nor  steam  was  circulated  through  the  jacket  space,  and  the 
rise  of  temperature,  therefore,  was  due  solely  to  heat  generated 
b}'^  journal  friction. 

17  For  the  purpose  of  comparing  this  method  of  applying 
the  grease  with  forced  lubrication,  tests  were  made  of  the  same 
grease  at  the  same  bearing  pressures,  but  feeding  the  grease  by 
means  of  a  compression  grease  cup. 

18  The  curves  of  this  series  were  plotted  clitferently  from 
those  of  ^1  and  B  (Cp.  Figs.  8  to  11).  Since  the  length  of  time 
a  given  test  was  continued  without  renewal  of  the  grease  in  the 
oil  holes  is  an  important  factor  in  determining  the  value  of  each 
grease,  time  Avas  plotted  as  abscissae,  and  ^  and  rise  of  bearing 
temperature  as  ordinates.  Each  curve  set  shoAvs  the  complete 
test  of  a  grease,  comprising  one,  tAvo  or  three  runs  made  on  dif- 
ferent days. 

19  Figs.  8  and  9  shoAv  the  final  set  of  derived  data  as  to  series 
A  and  B.  For  a  selected  bearing  pressure  and  temperature,  the 
A'alues  of  <^  for  each  grease  Avere  plotted  against  the  grease  num- 
bers as  abscissae,  the  idea  being  to  shoAV  the  most  advantageous 
grease  consistency  for  a  given  condition.  Plots  were  thus  made 
for  tAvo  pressures,  and  for  tAvo  temperatures  for  each  pressure. 

20  An  inspection  of  the  tables  and  curves  brings  out  some 
well  defined  relations.  The  values  of  the  coefficient  of  friction 
shown  in  series  x4,  nuide  upon  a  bearing  of  large  diameter  and 
small  length,  are  greatly  in  excess  of  values  for  the  same  grease 
when  tested  on  the  bearing  shoAvn  in  Fig.  4,  series  B ;  for  exam- 
ple, compare  Tables  2  and  3,  at  same  loads  and  temperatures.  As 
has  been  stated  before,  the  large  and  short  bearing  consisting  of 
tAvo  lengths  of  %  in.  each  proved  to  be  a  poor  form  for  grease 
lubrication.  The  film  of  lubricant  seemed  to  have  very  little  en- 
durance, and  the  only  way  to  get  results,  particularly  with  the 
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denser  <>'i'ease8,  was  to  force  in  grease  frecniently.  Another  ditt'er- 
ence  in  conditions  between  the  tests  of  series  .1  and  />  is  the  dif- 
ference in  velocity  of  journal.  In  series  A  tlie  surface  speed  of 
journal  w^as  about  double  that  of  series  B.  The  relations  between 
speed  of  journal  and  coefficient  of  friction  are  discussed  in  Par.  "20. 

21  The  tests  of  series  C  indicate  that  generally  the  oil  hole 
method  of  applying  grease  to  the  bearing  is  inferior  to  the 
method  of  forcing  it  in  by  means  of  a  grease  cup,  the  coefficients 
of  friction  in  the  former  case  being  much  larger  than  in  the  lat- 
ter. An  exception  is  noted  in  case  of  grease  No.  4,  where  the 
advantage  lies  with  the  oil  hole  method.  If  instead  of  a  small 
oil  hole,  a  grease  reservoir  extending  the  length  of  the  journal 
had  been  used,  it  is  possible  that  the  results  of  the  comparison 
might  be  different. 

22  The  best  results  so  far  as  producing  constant  and  uniform 
conditions  of  lubrication  are  concerned,  w^ere  obtained  wdien 
using  a  grease  cup  with  a  plunger  actuated  by  a  helical  spring 
so  as  to  give  a  constant  feed.  When  adjusted  to  feed  steadily 
and  uniformly,  the  coefficient  of  friction  at  a  given  load  and  tem- 
perature remained  about  constant.  With  the  intermittent  feed 
of  the  hand  operated  grease  cup,  results  in  this  regard  Avere  not 
so  good.  In  many  of  the  tests  where  observations  were  taken 
immediately  after  feeding  the  grease  and  at  1-minute  intervals 
thereafter,  the  friction  was  seen  steadily  to  increase  even  with 
the  bearing  of  the  form  of  Fig.  4,  and  to  decrease  again  to  its 
former  value  u])on  again  forcing  in  grease.  This  is  illustrated 
by  the  abstracts  from  the  original  log  of  tests  of  B  greases  No.  5, 
given  in  Table  1.  It  wdll  be  noticed  that  the  variation  in  friction 
referred  to  is  much  more  marked  at  low  temperatures  than  at 
high  ones,  presumably  because  the  grease  flows  better  when  hot. 

23  The  tests  of  engine  oil,  Table  3,  which  are  inserted  for  the 
purpose  of  comparison  of  oil  with  grease,  were  run  on  the  bearing 
shown  in  Fig.  3  (Cp.  also  Figs.  5  and  6). 

24  The  formula  for  coefficient  of  friction  is  deduced  as  fol- 
low^s.     Let 

W  =  total  load  on  the  bearing,  pounds 
P^  =  pull  on  the  spring  balance  when  ruiniing  in  a  clock- 
wise direction,  pounds 
P^  :=  pull  on  balance  wdien  ruiming  tinti-clockwise,  pounds 
Z>  =  diameter  of  journal,  inches 
6  —  coefficient  of  friction 
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C) 
For  aiiv  load  ]]\  the  constant -„,  .^  niav  be  computed  once  for  all, 

and  the  Ixjrniula  takes  the  form 

cf>  =  K{I\  —  P,)  _     • 

25  The  effect  of  a  rise  of  temperature  upon  the  coefficient  of 
friction  is  almost,  always  the  same.  The  curves  show  this  very 
clearly.  The  fluidity  of  a  lubricant  is  increased  by  warming  it, 
and  its  viscosity  is  decreased.  This  results  in  decreased  friction 
up  to  that  point  where  the  bearing  pressure  is  sufficient  to  over- 
come the  tenacity  of  the  oil  film,  so  that  there  is  contact  between 
the  rubbing  surfaces.  The  tests  do  not  indicate  that,  within  the 
limits  of  bearing  pressure  which  obtained,  there  is  any  disadvan- 
tage or  danger  of  cutting  the  bearing  incident  to  a  temperature 
of  150  deg.  fahr.  In  some  instances  the  temperature  was  carried 
as  high  as  200  deg.  and  as  long  as  there  was  an  ample  supply 
of  lubricant  to  the  bearing,  no  harmful  effects  were  noted.  The 
''  hot  box  "  of  practice  occurs  because  the  lubrication  of  the  bear- 
ing has  failed;  the  former  being  the  effect  of  increased  friction 
due  to  the  latter.  There  is  nothing  intrinsically  objectionable  in 
a  bearing  temperature  much  higher  than  is  commonly  permitted 
in  practice,  if  good  lubrication  obtains;  and  these  experiments 
show  that  much  may  be  gained  in  the  way  of  decreasing  the  lost 
Avork  of  friction. 

SPEED   OF   JOURNAL   AND   COEFPICIENT   OF  FRICTION 

26  An  effort  was  made  to  determine  the  relation  between  the 
speed  of  journal  and  the  coefficient  of  friction.  In  his  tests  upon 
lubricating  oils,  Beauchamp  Tower  showed  that  for  a  given  oil 
tested  at  a  constant  temperature,  the  coefficiejit  of  friction,  where 
there  was  perfect  lubrication,  varies  directly  as  the  square  root 
of  the  surface  speed  of  the  journal,  and  inversely  as  the  pressure 

per  square  inch  of  projected  area.    Tliat  is 

_ 

^  =  K-±- ri] 

w 
jS  =  surface  speed  of  journal,  feet  per  minute 
w  =  load  on  bearing,  pounds  per  square  inch  of  projected 
area 
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TABLE  1    ABSTRACTS  FROM  LOG  TESTS  OF  B  GREASES  NO.  5  DENSITY 


Load  on  Bearing.  74 . 1  Lb.  per  Sq.  In. 
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7 
*7 
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Coefficient 

Tempera- 

of 
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Friction 

Deg.  Fahr. 

<i> 

76 

0.0244 

79 

0.0276 

Reversed 

motor 

80 

0.0244 

80 

0  0276 

80 

0.0310 

81 

0.0244 

82 

0,0293 

82 

0.0310 

82 

0.0210 

83 

0.0396 

0.0201 

0.0325 

82 

0.0350 

0.0210 

Remark! 


Readings  marked  *were  taken 
immediately  after  forcing 
grease  into  the  bearing 


Second  Test  at  Same  Load,  but  at  Higher  Temperatures 
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K  =  coefficient,  having  different  values  for  different  lubri- 
cants, and  for  the  same  hibricant  at  different  tempera- 
tures 
From  the  observed  values  of  /S,  w  and  4>  in  the  tests  of  series  A 
and  B,  the  values  of  K  were  computed  by  substituting  in  equa- 
tion [1],  and  were  ph)tted  against  the  corresponding  temperature 
of  the  bearing.  Fig.  10  shows  the  results  of  these  plots  for  the 
X  greases.  Greases  of  different  densities  and  series  are  dis- 
tinguished by  different  forms  of  mark,  so  that  the  table 
from  which  each  point  came  nuxy  be  identified.      Curves  AB 
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Fig.   10     Bearing  Temperature  and  Coefficient  of  Friction  Curve 

and  CD  bound  the  areas  above  and  beh)W  and  represent  the 
extreme  values  of  K.  It  will  be  noticed  that  the  plots  for  the 
denser  greases  in  general,  lie  towards  the  upper  curves,  CD ;  and 
the  softer  ones  nearer  the  curves  AB. 

27  It  was  desired  to  find  the  relation  between  /i  and  the  bear- 
ing temperature,  expressed  in  the  form  of  an  equation  which 
might  be  of  general  application.  For  each  of  the  four  curves, 
the  points  were  replotted  on  logarithmic  cross-section  pa]:>er. 
Fig.  11.    It  appears  from  an  inspection  of  the  figure  that  K  may 
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be  expressed  in  terms  of  the  temperature  by  an  equation  of  the 
form 

f 

where  M  =  2i  constant ;  t  =  bearing  temperature,  deg.  f ahr. ;  n  = 

0.16 


o.oe 


60         80      100    [10  M  160 180  ZOO 
Temperature  Deg.  F. 

Fig.  11    K-Beabing  Temperature  Curves  plotted  on  Logarithmic  Cross- 
Section  Paper 

an  exponent.    The  following  values  for  these  numbers  are  found 
from  the  logarithmic  plots : 

78 

1370 
49 

f  1.34 

42 


Greases  X,  curve  AB  K  ^= 

curve  CD  K  = 

Greases  Y,  curve  AB  K  = 

curve  CD  K 


^1.53 

TESTS    OF    GREASE    DENSITY 

28  Lubricating  oils  are  compared  by  certain  physical  tests. 
Prominent  among  these  is  the  test  for  viscosity  which  is  deter- 
mined by  a  viscosimeter,  several  forms  being  in  common  use. 
One  consists  of  a  vessel  for  the  oil  surrounded  by  a  space  which 
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may  be  filled  with  water  for  the  purpose  of  controlling  the  tem- 
perature. At  the  bottom  of  the  vessel  is  a  nozzle,  through  which 
a  measured  quantity  of  oil  is  permitted  to  flow.  The  viscosity 
is  proportional  to  the  time  required  to  flow  through  the  nozzle. 

29  It  seemed  to  the  author  that  a  similar  scheme  might  be 
employed  for  comparing  greases  as  to  their  consistency  or  dens- 
ity. Since  grease  is  a  solid  and  will  not  flow  of  itself,  some  com- 
pulsion must  be  used  to  force  the  grease  through  the  nozzle. 
After  preliminary  experimentation  an  apparatus,  shown  in  Fig.  7, 
was  constructed  which  consisted  of  an  ordinary  grease  cup  sup- 
ported upon  an  iron  framework.  A  plunger  was  made  to  fit  the 
cup,  and  to  insure  perfect  freedom  of  motion  the  plunger  was 
made  slightly  spherical.  The  plunger  rod  was  carried  through  a 
guide,  and  supported  weights  placed  upon  its  upper  end.  A  scale 
graduated  in  twentieths  of  an  inch  was  scribed  on  the  rod,  so  that 
the  time  of  descent  over  a  measured  distance  might  be  noted.  A 
nozzle  of  about  i/4  in.  in  diameter  was  placed  in  the  bottom  of  the 
cup. 

30  Experiments  with  this  instrument  gave  results  that  were 
decidedly  surprising.  It  was  found  that  the  density  of  a  given 
grease,  as  indicated  by  this  means,  is  a  very  variable  quality. 
Successive  passages  of  the  same  grease  gave  constantly  decreas- 
ing lengths  of  time  for  the  same  distance.  The  grease  became 
softer  and  more  fluid  by  the  process  of  forcing  it  through  the 
nozzle.  This  was  particularly  true  of  the  harder  greases.  After 
several  passages,  the  grease  becomes  oily  in  appearance.  The 
change  may  be  due  to  a  more  thorough  mixing  of  the  ingredients 
composing  the  grease.  The  results  of  a  number  of  tests  with  this 
instrument  follow : 

DENSITY  TEST,   X   GREASE,    NO.    1   DENSITY 

31  The  same  grease  sample  was  passed  repeatedly  through  the  nozzle.  The 
weight  on  the  plunger  was  20  lb.;  temperature  of  grease,  71  deg. 

No 1         2       3        4  5         6        7         8      9      10     11     12     13 

Seconds  to 

descend  1  in.  3750    235    95     66.2    57.4     36    27.2     23     19     19     16     24     14 

The  time  became  nearly  constant  after  eight  passages;  the  mean  of  Nos.  9,  10, 
11,  12,  13  is  18.2  seconds. 

32  The  second  test  was  made  several  days  later,  on  the  same  grease  sample 
as  the  preceding;  load  on  plunger,  20  lb.;  temperature  of  grease,  68  to  72  deg. 

No 12  3  4  5 

Seconds  to 

descend  1  in...    17       12.6       14.2       13.8       14     mean  time  of  last  four,  13.6 
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33  The  load  was  changed  to  10  lb.  and  continued  on  the  same  grease  sample 
as  above;  temperature  of  grease,  62  to  65  deg. 

No 12  3  4 

Seconds  to 

descend  1  in...  572         670         597         593       mean  time,  608 

DENSITY  TEST,    Y  GREASE,   NO.  3  DENSITY 

34  A  sample  of  the  grease  was  passed  through  the  nozzle  18  successive  times 
with  weights  of  20,  15  and  10  lb.  The  temperature  of  the  grease  was  82  deg.  at 
the  start,  increasing  to  92  deg.  at  the  end. 

Load,  20  Lb. 

No 1  2  3  4  5  6  7 

Seconds  to 

descend  1  in.    50       17.4       13       3.4  (?)       6.4       6.8       5.2     mean  time  of 

last  four,  6 . 1 
Load,  15  Lb. 

No 8  9       10         11  12  13 

Seconds  to 

descend  1  in...    15.8       16       12       11.4       11.6       9.6     mean  time  of  last  four, 

11.1 
Load,  10  Lb. 

No 14  15  16  17  18 

Seconds  to 

descend  1  in...  159         131         129.6         97.8         95 

DENSITY  TEST.  GREASE  SERIES  B,  NO.  1 

No 12  3      4       5  6       7         8  9       10  11  12  13 

Load,  lb 10       5  55        5  5        5          5  4       4  3  3        3 

Seconds  to 

descend  1  in.  3.2    23.6  31    18  27.4  25  23.8  19.8  57  59.4  273  250  267 

35  Tests  Nos.  2,  3,  4  and  5  were  made  on  successive  samples 
of  grease  taken  from  the  can.  Nos.  6  and  7  were  repetitions  of 
grease  that  had  been  passed  through  once.  Similarly,  Nos.  11 
and  12  were  new  grease,  while  No.  13  was  the  second  passage.  It 
will  be  noted  that,  for  this  very  thin  grease,  no  great  change 
occurs  with  successive  repetitions  of  the  test  on  the  same  sample. 
The  time  for  No.  6  is  almost  exactly  the  same  as  the  mean  of  the 
preceding  four;  and  No.  13  is  close  to  the  mean  of  Nos.  11  and  12. 

36  The  consistency  of  grease  as  shown  by  the  experiments 
described  above  becomes  nearly  constant  after  several  passages 
through  the  apparatus  at  a  constant  load;  but  it  appears  that 
when  the  load  is  decreased,  the  grease  again  requires  a  number 
of  passages  under  the  new  condition  before  coming  to  a  constant 
condition  of  consistency.    It  is  interesting  to  note  the  great  effect 
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produced  in  the  time  of  flow  of  the  grease  Iw  a  small  change  in 
the  weight.  Thus,  in  the  last  test,  Y  grease.  No.  1,  the  time  was 
increased  about  450  per  cent  by  decreasing  the  load  from  4  to  3  lb. 

CONCLUSIONS 

37  Grease  lubrication  compares  favorably  with  oil  where  the 
form  of  bearing  is  such  as  to  favor  the  retention  of  the  film  of 
lubricant,  and  provision  is  made  for  an  ample  supply  to  the  bear- 
ing. But,  as  shown  by  the  experiments  of  series  A,  oil  will  give 
better  results  in  case  of  a  short  bearing  in  proportion  to  the 
diameter. 

38  Grease  of  soft  consistency  is  a  much  better  lubricant  than 
the  harder  densities  of  the  same  grease.  The  advantage  of  the 
softer  grease  is  especially  marked  at  low  temperatures,  such  as 
usually  obtain  in  a  well  lubricated  bearing. 

39  The  best  method  of  applying  grease  to  a  bearing  is  by 
forced  feed  and  a  constant  rate  of  flow.  This  agrees  with  the 
best  practice  in  oil  lubrication  where  the  bearing  is  flooded  Avith 
oil,  which  passes  to  a  filter  and  is  used  again.  The  drawback  in 
case  of  grease  is  the  cleaning  it  after  it  has  once  passed  through 
the  bearing  so  that  it  can  be  used  again.  Intermittent  applica- 
tion of  grease  means  irregularity  in  the  value  of  the  coefficient 
of  friction. 

40  Grease  cups  with  spring  actuated  plungers  are  designed 
to  give  a  constant  flow  of  grease.  They  are  far  from  accomplish- 
ing this  purpose,  however.  When  such  a  cup  is  full  of  grease, 
the  spring  is  compressed  to  its  fullest  amount,  and  the  pressure 
upon  the  grease  is,  therefore,  much  greater  than  when  the  cup 
is  nearly  empty.  Provision  is  made  to  regulate  the  flow  by 
means  of  a  small  cock  placed  in  the  outlet  of  the  cup,  but  this 
needs  adjustment  as  the  cup  empties,  and  is  apt  to  be  neglected. 
The  experiments  upon  grease  consistency  show  what  a  great  dif- 
ference in  flow  is  produced  by  a  small  change  in  the  pressure 
upon  the  grease.  A  design  of  cup  is  desirable  which  will  deliver 
the  grease  at  a  constant  rate  from  the  time  it  is  filled  until  it 
is  empty. 


APPENDIX 

TABLE  2     X  GREASE,  NO.  3  DENSITY 

Skhies  B:  Loads  or  53.5  to  153.8  Lb.  per  Sq.  In.;  Diameter  of  Journal  1M  In.,  Length  2  In. 
Grease  Cup  used  with  Spring  Actuated  Plunger 


Number 


Bearing 

Temperature, 

Deg.  Fahr. 


Coefficient 

of 

Friction 


Remarks 


Load  on  Bearing  53.5  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  405  Ft.  per  Min. 


1 

76 

0.0414 

Room  temperature  72  deg. 

2 

80 

0.0342 

3 

81 

0.0358 

.  4 

82 

0.0352 

5 

92-96 

0.0268 

6 

94-97 

0.0246 

7 

95 

0.0218 

8 

110-114 

0.0190 

9 

111 

0.0213 

10 

111 

0.0213 

11 

124 

0.0173 

12 

125 

0.0185 

13 

126 

0.0168 

14 

141 

0.0145 

15 

141 

0.0134 

16 

140 

0.0151 

17 

154 

0.0134 

18 

156 

0.0112 

19 

157 

0.0117 

20 

170 

0.0101 

21 

168 

0.0106 

22 

170 

0.0140 

Load  on  Bearing  74  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  395  Ft.  per  Min. 


1 

78 

0.0276 

2 

79 

0.0252 

3 

80 

0.0244 

4 

95 

0.0187 

5 

96 

0.0199 

6 

97 

0.0211 

7 

120 

0.0122 

8 

119-122 

0.0134 

9 

120 

0.0097 

10 

135 

0.00813 

11 

134 

0.0069J 

12 

135 

0 . 00651 

13 

152 

0.00491 

14 

155 

0 . 0049^ 

15 

155 

0.00406 

16 

168-171 

0.0041 

17 

171 

0 . 0053 

18 

171-189 

0.0057 
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TABLE   2 — (Continued) 


Number 


Bearing 

Temperature, 

Deg.  Fahr. 


CoeflBcient 

of 

Friction 


Remarks 


Load  on  Bearing  94.1  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  380  Ft.  per  Min. 


1 

61 

0.0312 

Room  temperature  67  deg. 

2 

69 

0.0262 

3 

73 

0.0242 

4 

75 

0.0204 

5 

76 

0.0198 

6 

96 

0.0131 

7 

95 

0.0121 

8 

95 

0.0124 

9 

110 

0.0086 

10 

111 

0.0115 

11 

100-110 

0.0127 

12 

124 

0.0079 

13 

126 

0.0064 

14 

125 

0.0067 

15 

143 

0.0048 

16 

141 

0.0054 

17 

139 

0.0054 

18 

161 

0.0045 

19 

160 

0.0042 

20 

160 

0.0048 

Load  on  Bearing  114.2  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  390  Ft.  per  Min. 


1 

75 

0.0212 

Room  temperature  67  deg. 

2 

77 

0.0173 

3 

78 

0.0171 

4 

79 

0.0171 

5 

96 

0.0145 

6 

96 

0.0137 

7 

96 

0.0123 

8 

108-111 

0.0123 

9 

112 

0.0094 

10 

110 

0.0094 

11 

127 

0.0073 

12 

125 

0.0068 

13 

125 

0.0068 

14 

140 

0.0059 

15 

140 

0.0052 

16 

140 

0.0052 

17 

159 

0.0039 

18 

161 

0.0037 

19 

160 

0.0039 
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Number 


Bearing 

Temperature, 

Deg.  Fahr. 


Coefficient 

of 

Friction 


Remarks 


Load  on  Bearing  133.4  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  390  Ft.  per  Min. 


1 

80 

0.0162 

2 

83 

0.0119 

3 

80 

0.0126 

Load  on  Bearing  133.4  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  390  Ft.  per  Min. 


4 

97 

0.0090 

6 

96 

0.0104 

6 

96 

0.0099 

7 

114 

0.0061 

8 

113 

0.0052 

9 

113 

0.0052 

10 

131 

0.0049 

11 

130 

0.0043 

12 

132 

0.0038 

13 

144 

0.0038 

14 

146 

0.0034 

15 

145 

0.0034 

16 

158-162 

0.0038 

17 

161 

0.0043 

18 

161 

0.0043 

Load  on  Bearing  153.8  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  390  Ft.  per  Min. 


1 

56 

0.0285 

Room  temperature  62  deg. 

2 

60 

0.0223 

3 

64 

0.0156 

4 

67 

0.0148 

5 

71 

0.0145 

6 

77 

0.0121 

7 

93 

0.0098 

8 

94 

0.0103 

, 

9 

95 

0.0090 

10 

108 

0.0074 

11 

108 

0.0070 

12 

110 

0.0070 

13 

123 

0.0060 

14 

125 

0.0055 

15 

124 

■  0.0059 

16 

139 

0.0049 

17 

140 

0.0047 

18 

141 

0.0041 

19 

168 

0.0035 

20 

160 

0.0037 

21 

160 

0.0037 
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TABLE  3      Y  GREASE,   NO.  2  DENSITY 

Serieb  A:  Loads  of  46  to  85  Lb.  per  Sq.  In.;  Diameter  of  Journal  25^  In.,  Length  13^  In. 
Compression  Grease  Cup  used  with  Intermittent  Feed  of  the  Lubricant 


Number 


Bearing 

Temperature, 

Deg.  Fahr. 


CoeflBcient 

of 

Friction 


Remarks 


Load  on  Bearing  46  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  800  Ft.  per  Min. 


1 

70 

0.0504 

2 

80 

0.0460 

3 

82 

0.0421 

4 

90 

0.0400 

5 

90 

0.0340 

6 

123 

0.0355 

7 

140 

0.037S 

8 

180 

0 . 0300 

• 

Load  on  Bearing  72  Lb.  per  Sq.  In. ;  Surface  Speed  of  Journal  725  to  800  Ft.  per  Min. 


1 

69 

0.0365 

2 

71 

0.0330 

3 

83 

0.0294 

4 

95 

0.0292 

5 

115 

0.0240 

6 

147 

0 . 0252 

7 

208 

0 . 0232 

• 

Load  on  Bearing  85  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  700  Ft.  per  Min. 


1 

70 

0.0350 

2 

80 

0.0282 

3 

90 

0.0254 

4 

100 

0.0247 

5 

126 

0.0183 

TABLE  4     ENGINE  OIL 

Series  .l.-  LoADa  or  20  TO  174  Lb.  per  Sq.  In.;  Diameter  of  Bearing  25<  In.,  Length  1}^  In. 

Tests  of  This  Oil  were  for  the  Purpose  of  Comparing  Oil  with  Grease 

under  the  Same  Conditions 


Number 


Bearing 

Temperature, 

Deg.  Fahr. 


Coefficient 

of 

Friction 


Remarks 


Load  on  Bearing  20  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  825  Ft.  per  Min. 


1 

79 

0.0630 

Room  temperature  79  deg. 

2 

82 

0.0541 

Motor  was  reversed  at  each  observation 

3 

87 

0.0470 

4 

90 

0.0455 

5 

92 

0.0435 

'  6 

96 

0.0405 

7 

100 

0.0399 

8 

,  105 

0.0362 

9 

108 

0.0344 

10 

109 

0.0389 

11 

110 

0.0380 

12 

111 

0.0330 

13 

111 

0.0330 

14 

111 

0.0330 

Load 

on  Bearing  46  Lb.  per  Sq.  In. ;  Surface  Speed  of  Journal  825  Ft.  per  Min. 

1 

88 

0.0292 

Room  temperature  90  deg. 

2 

93 

0.0236 

Motor  was  reversed  at  each  observation 

3 

98 

0.0222 

4 

101 

0.0206 

5 

104 

0.0200 

6 

106 

0.0198 

7 

108 

0.0186 

8 

109 

0.0186 

9 

111 

0.0182 

10 

112 

0.0190 

11 

114 

0.0176 

12 

115 

0.0178 

13 

116 

0.0178 

14 

117 

0.0178 

15 

118 

0.0176 

16 

0.0178 

17 

119 

0.0176 

18 

120 

0.0176 

Load  on  the  Bearing  71 . 5  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  825  Ft.  per  Min. 

1 

81 

0.0234 

Motor  was  reversed  at  each  observation. 

2 

86 

0.0209 

3 

92 

0.0173 

4 

96 

0.0170 

5 

102 

0.0170 

6 

107 

0.0146 

7 

109 

0.0142 

8 

110 

0.0142 

9 

111 

0.0135 

10 

112 

0.0135 

11 

112 

0.0130 

12 

113 

0.0130 

13 

113 

0.0136 

14 

115 

0.0136 

15 

115 

0.0137 

16 

116 

0.0129 
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TABLE  4 — (.Continued) 


Number 


Bearing 

Temperature, 

Deg.  Fahr. 


CoefiBcient 

of 

Friction 


Remarks 


Load  on  Bearing  97  Lb.  per  Sq.  In. ;  Surface  Speed  of  Journal  690  to  825  Ft.  per  Min. 


1 

89 

0.0138 

Room  temperature  90  deg. 

2 

96 

0.0137 

Motor  was  reversed  at  each  observation. 

3 

101 

0.0133 

4 

107 

0.0129 

5 

107 

0.0123 

6 

111 

0.0121 

7 

114 

0.0119 

8 

116 

0.0120 

9 

118 

0.0120 

10 

119 

0.0120 

11 

120 

0.0120 

12 

122 

0.0119 

13 

123 

0.0119 

14 

124 

0.0117 

15 

0.0121 

16 

127 

0.0117 

17 

127 

0.0105 

18 

128 

0.0105 

19 

128 

0.0105 

20 

129 

0.0104 

21 

129 

0.0105 

Load  on  Bearing  122  Lb.  per  Sq.  In. ;  Surface  Speed  of  Journal  825  Ft.  per  Min. 


1 

75 

0.0196 

Room  temperature  77  deg. 

2 

83 

0.0144 

3 

89 

0.0136 

4 

94 

0.0099 

5 

98 

0.0126 

Motor  reversed 

6 

102 

0.0113 

7 

104 

0.0108 

8 

0.0113 

Motor  reversed 

9 

106 

0.0107 

10 

108 

0.0099 

11 

110 

0.0099 

12 

0.0095 

Motor  reversed 

13 

111 

0.0092 

14 

0.0099 

15 

113 

0.0107 

16 

0.0077 

Motor  reversed 

17 

115 

0.0101 
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Number 


Bearing 

Temperature, 

Deg.  Fahr. 


Coefficient 

of 

Friction 


Remarks 


Same  load  and  speed;  second  test 


1 

81 

0.0151 

2 

87 

0.0143 

Motor  reversed 

3 

95 

0.0131 

Motor  reversed 

4 

101 

0.0114 

Motor  reversed 

5 

104 

0.0109 

Motor  reversed 

6 

106 

0.0109 

7 

109 

O.OUO 

Motor  reversed 

8 

111 

0.0108 

Motor  reversed 

9 

113 

0.0108 

10 

115 

0.0109 

Motor  reversed 

11 

116 

0.0107 

Motor  reversed 

12 

118 

0.0106 

13 

119 

0.0106 

Motor  reversed 

14 

121 

0.0095 

15 

123 

0.0091 

Motor  reversed 

16 

124 

0.0098 

Motor  reversed 

17 

124 

0.0098 

18 

0.0096 

Load  on  Bearing  148  Lb.  per  Sq.  In.;  Surface  Speed  of  Journal  825  Ft.  per  Min. 
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Through  the  collaboration  of  the  Library  Committee  of  the  United 
Engineering  Societies,  the  range  of  papers  available  tor  the  Foreign 
Review  is  gradually  being  extended  so  as  to  cover  all  the  most  im- 
portant non-English  publications.  In  the  present  issue,  for  instance, 
several  articles  are  abstracted  from  Swedish  and  Russian  periodicals. 
It  is  the  intention  of  the  Editor  to  give  brief  abstracts  of  articles  even 
of  secondary  importance  from  these  publications,  because  otherwise 
they  would  most  likely  remain  entirely  unknown  to  the  engineering 
profession,  the  publications  containing  them,  as  far  as  the  Editor  is 
aware,  not  being  generally  covered  by  engineering  indexes. 

THIS    month's    articles 

An  abstract  of  the  article  by  Kaplan  on  the  two  dimensional  water 
turbine  theory  is  given :  a  runner  constructed  in  accordance  with  this 
theory  is  said  to  have  shown  an  efficiency  of  80  per  cent.  Gas  power 
men  will  be  interested  in  the  description  of  the  Marischka  combined 
gas  producer  and  boiler,  with  its  arrangement  for  fully  utilizing  the 
heat  of  the  gases.  In  the  same  section  is  described  the  slide  valve 
gear  of  the  Dubois-Rousseau  engine,  which  is  of  interest  owing  to  its 
apparent  simplicity;  another  engine,  described  in  the  Russian  tech- 
nical paper  Dvigatel,  represents  an  attempt  to  construct  a  Diesel  en- 
gine without  any  fuel  atomizing  devices,  and  moreover  requiring  no 
lubrication,  part  of  the  fuel  used  acting  as  a  lubricant,  and  then 
burning  on  a  special  cycle  of  its  own.  Data  of  the  tests  on  Diesel- 
electric  locomotives  on  the  Swedish  state  railroads  are  also  given,  the 
conditions  of  operation  of  the  locomotives  under  tests  corresponding 
somewhat  to  those  prevailing  in  the  suburban  traffic  of  the  larger 
American  cities.  In  the  section  Mechanics  attention  is  called  to  the 
article  describing  the  method  for  the  experimental  determination  of 
the  moment  of  inertia  of  runners,  permitting  one  to  judge,  to  a  cer- 
tain extent,  of  the  homogeneity  of  the  materials  used,  a  question 
sometimes  of  great  importance  in  rotors  of  large  dimensions  and 
subject  to  considerable  mechanical  stresses.  In  this  connection  may 
also  be  mentioned  an  article  on  alloys  for  use  in  high-pressure  steam 
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turbines,  giving  data  of  the  work  done  in  this  respect  by  German 
government  laboratories  and  manufacturers.  R.  Slaby's  brief  article 
indicates  a  simple  way  of  constructing  a  differential  curve  to  any 
given  one,  without  having  to  determine  tangents,  and  using  the  sim- 
plest graphical  operations  and  tools.  Owing  to  lack  of  space,  the 
part  of  the  article  in  which  Mr.  Slaby  shows  mathematically  that  his 
curve  is  not  an  approximation,  but  a  real  differential  curve,  had  to  be 
omitted.  The  brief  notice  by  Professor  Timiriazeff  on  the  internal 
friction  of  rarefied  gases,  though  classed  under  Mechanics,  may  also 
be  of  interest  to  the  gas  and  gasolene  engine  designers,  as  bearing  on 
the  carbureter  and  gas  mixer  construction. 

The  Schuch  rivetting  indicator  is  briefly  described :  it  shows  to  the 
workman  how  long  the  pressure  on  the  rivet  is  kept,  and  at  the  same 
time  makes  automatically  records  valuable  both  for  the  determina- 
tion of  the  quality  of  the  job  done,  and  for  the  accounting  and  rate 
setting  departments. 

In  the  section  Steam  Engineering  is  described  the  Breguet  Ejectair, 
a  new  and  apparently  efficient  apparatus  for  producing  vacuum  in 
condensers  of  steam  engines.  The  principle  of  the  apparatus  is  not 
new,  but  the  design  has  several  interesting  features.  The  Lom- 
shakoff  furnace  is  illustrated,  and  mention  is  made  that  in  tests  with 
it  difficulty  was  experienced  owing  to  lack  of  apparatus,  showing  the 
efficiency  of  furnaces  with  undergrate  draft,  as  well  as  the  general 
usefulness  of  using  compressed  air  for  undergrate  draft.  The  next 
abstract  gives  data  of  tests  with  the  Marcotty  smoke  consuming 
apparatus  on  locomotives,  proving  the  economy  of  installing  such  a 
device. 

Several  articles  on  the  elastic  limits  of  alloys,  distribution  of 
stresses  in  notched  bars  under  tension,  expansion  of  nickel  steel  at 
temperatures  up  to  300  deg.  cent.  (572  cleg,  fahr.),  sound  conductivity 
of  building  materials  and  walls,  etc.,  are  also  given.  It  is  proposed 
to  start  a  new  section  devoted  to  abstracts  of  articles  on  railroad 
matters  in  one  of  the  early  issues. 

Hydraulics 

TwO-DlxMENSlONAI.    TURBINP:    THEORY,     WITH     A     CONSIDERATION     OF     \YaTER 

Friction,  and  Its  Application  to  the  Design  of  Blades  {Die  zwei- 
dimensionale  Turhincntheorie  in  it  Benicksichtif/iinf/  dcr  Wm^i^errrihiinfj 
und  ihre  Anwendung  mid  ErgehnUse  hci  Schaufelkonxtiiiltioiicn.  V .  Kojilan. 
Zeits.  fiir  das  gcsante  TurMncnircscn.    tSerial  article. 

The  niiiin  difficulty  of  a  theoretical  treatment  of  tiow  processes  lies  in  an 
appro]triate  consideration  of  internal  liquid  friction  and  wall  friction.  The 
author  has  pi-eviously  estahlished  that,  owing  to  tlie  viscosity  of  the  fluid. 
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in  eacli  tlulil  How  thoro  is  a  tendeiK-y  for  tlie  establishnieiit  of  a  state  of 
resistance  characterized  by  tlie  fact  tliat  in  a  section  normal  to  the  direc- 
tion of  riow  all  nnits  (by  weijiht)  of  the  tiowing  liiinid  contain  the  same 
amount  of  energy.  The  author  calls  a  tiow  in  this  state  of  resistance  "  free 
flow."  The  wall  friction  in  this  case  need  not  be  consideretl.  Should  a 
working  flow,  i.e.  one  that  besides  effecting  its  own  motion  delivers  work 
to  the  outside,  be  "  free."  a  uniform  amount  of  energy  must  be  taken  off 
from  every  section  of  the  tiow.  When,  however,  no  work  is  delivered  out- 
wards, the  flowing  system  is  at  rest,  and  the  author  calls  it  a  "no-work 
flow."  The  purely  analytical  investigation  of  a  flow  is  especially  dirticult 
when  the  shape  of  the  passage  is  ditflcult  to  express  analytically,  as  is 
usually  the  case  with  the  water  passages  in  turbine  runners.  Whenever 
available,  graphical  results  are  to  be  preferred  on  account  of  their  being 
easier  to  comprehend  and  simpler  in  expression.  For  a  free  flow  pressure 
and  velocity  at  any  particular  spot  in  all  practical  cases  may  be  expressed 
in  two-dimensional  flow  images,  provided  the  wall  friction  is  neglected  and 


si 


Fig.   1     Flow  Images,  Water    Turbine  Wheel 


certain  conditions  simplified.  As  an  example  may  be  shown  (Fig.  lA) 
the  flow  image  of  a  U-shaped  passage.  The  total  flow  is  divided  into  par- 
tial flows  of  equal  rate,  and,  since  the  energy  contents  in  all  the  partial 
flows  in  a  cross-section  normal  to  the  direction  of  flow  have  been  shown 
to  be  constantly  equal  to  one  another,  along  such  a  section  the  relation 

must  exist  of  i±-  =  const.     It  is  convenient  to  select    —  =  1.  in  which 

AS  AS 

case  the  construction  may  be  facilitated  by  the  little  circles  shown  in  the 

Fig.  lA.    In  the  flow  image  the  stream  lines  s„  s-,,  -s., indicate  the  limits 

of  partial  streams  of  equal  water  delivery  per  second,  while  the  lines 
normal  to  them  indicate  sections  of  equal  energy  content  ("  lines  of  level  "). 
For  a  free  flow  in  a  hollow  body  of  revolution,  such  as  occurs  in  guide 
wheels  and  runners  of  a  Francis  turbine.  Fig.  IB,  there  is  a  further  con- 

A  vi 

dition  that  r.  ±=-    must  be  constant.     In  accordance  with  this  flow  image 

AS 
a  blade  with  no  wall  friction  may  be  constructed,  as  set  full  in  the  article 
(for  practical  piu-poses  a  correction  for  wall  friction  must  be  made,  how- 
ever). 


1174  FOREIGN    REVIEW 

The  following  has  been  found  with  respect  to  flow  accompanied  by  fric- 
tion :  If  Ci  is  the  velocity  of  flow  in  a  canal  with  frictionless  walls,  it  is 

reduced  to  c  =  — i  under  the  action  of  bottom  friction,  and  to  c  =  i   by  the 

side  wall  friction.  Since,  however,  the  bottom  and  side  wall  frictions  act 
simultaneously,  strictly  speaking  they  may  be  represented  only  in  three 
dimensions.  The  coeflicient  k  depends  on  the  roughness  of  the  surfaces 
and  their  distance  from  one  another,  and  varies  from  infinity  for  distance 
zero  to  1  for  distance  oo .  Experiments  have  shown  however  that  thei 
value  1  is  actually  reached  at  comparatively  small  distance  between  the 
walls  (about  40  mm,  or  1.6  in.).  Care  must  be  taken  properly  to  consider 
the  action  of  strong  curvatures ;  thus,  in  Fig.  IB  with  free  flow  the  maxi- 
mum velocity  of  flow  appears  to  be  at  A,  while  the  actual  velocity  at  that 
I)oint  is  0.  The  design  of  turbine  runners  with  respect  to  wall  friction 
has  naturally  to  depend  on  certain  assumptions  subject  to  subsequent  cox"- 
rection,  due  to  the  fact  that  the  resistances  are  affected  by  the  type  of 
body  design  which  has  still  to  be  found.  The  design  fully  described  by 
the  author  is  characterized  by  the  fact  that  the  lines  of  flow  are  pressed 
somewhat  close  to  the  middle  line  of  flow,  due  again  to  the  fact  that  the 
velocities  nearer  the  passage  walls  are  made  somewhat  smaller. 

To  test  the  correctness  of  the  above  theory,  a  nmner  100  mm  (4  in.)  in 
diameter  has  been  constructed,  and  compared  with  one  designed  in  accord- 
ance with  the  usual  unidimensional  theory.  The  efficiencies  found  were 
80  and  73  per  cent  in  favor  of  the  new  type. 

Prime  Movers  in  Waterworks  and  their  Inflxjence  on  the  Economic 
Diameter  of  Pressure  Piping  (Uber  Antriebsarten  von  Pumpiverken  und  deren 
Einflxiss  auf  den  wirtschajtlichen  Dnrchmesser  von  Druckrohrleitungen,  E.  Rutsatz. 
Journal  fur  Gasbeleuchtung,  vol.  56,  no.  19,  p.  444,  8  pp.,  6  figs.  c).  Discussion 
of  comparative  advantages  of  steam  and  internal-combustion  engines  and  elec- 
tric motors  as  prime-movers  for  water  works.  Nothing  definite  is  said  as  to  the 
relation  between  the  kind  of  prime-mover  and  piping  diameter. 

Experiments  on  Pressure  Variation  in  the  Piping  of  a  Francis  Turbine 
Plant  with  Change  of  Load  (Versuche  uber  die  Druckanderungen  in  der  Rohr 
leulung  einer  Francis-Turbinenanlage  bei  Belastungsdnderungen,  A.  Watzinger  and 
O.  Nissen.  Mitleilungen  iiber  Forschungsarbeiten  auf  dem  Gebietc  des  Ingenieur- 
wesens,  no.  134,  1913,  p.  27,  18  pp.,  34  figs.  e).  Experimental  data,  not  suit- 
able for  abstracting:  regulation  phenomena  and  pressure  variations  with  change 
of  load  investigated. 

Rational  Construction  of  Concrete  Suction  Pipes  {Conslruclion  raiionelle 
des  tuyaux  d'aspiration  en  Beton,  Th.  Kach.  La  Houille  blanche,  vol.  12,  no.  4,  p. 
116,  2  pp.,  3  figs.  t).  Brief  exposition  of  the  Dubs  process  for  the  determination 
of  the  shape  of  suction  pipe  in  water  turbine  installations  involving  the  least 
losses  through  residual  velocity  of  the  water  (this  is  especially  important  with 
low  heads,  where  the  relative  amount  of  power  lost  on  this  account  is  particularly 
large) . 

Internal  Combustion  Engines 

Engines  at  the  General  Agricultural  Exhibition  (Lrs  macMncft  an 
Concours  General  Agricole,  H.  Pillaud.     La  Technique  niodeme,  vol.  6,  no. 
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10,  p.  387.  Serial  article,  d).  Among  other  things,  the  article  describes 
internal-combustion  engines  shown  at  the  French  General  Agricultural  Ex- 
hibition. The  Dubois-Rousseau  factory  has  shown  a  slide-valve  engine  of 
great  simplicity,  with  an  ordinary  cylinder,  and  characterized  only  by  a 
special  valve  gear  located  at  the  top  of  the  cylinder  normally  to  its  axis. 
This  valve  gear  is  tube-shaped,  with  a  section  in  the  middle  cut  out  so  as 
to  form  a  longitudinal  port  oi)ening  a  communication  with  the  cylinder. 
The  two  extremities  have  been  slit  along  the  generating  line  in  a  manner 
such  that  the  cylinder  might,  under  the  action  of  pressure,  open  slightly 
and  so  make  a  better  contact  with  the  wall  enclosing  it.  In  its  different 
positions,  the  valve  gear  may  be  in  communication  either  with  the  inside 
of  the  cylinder,  or  with  the  admission  or  exhaust  pipes;  it  can  oscillate 
undei'  the  action  of  a  single  connecting  rod  driven  from  a  cam   runm'ng 


1  2  3  4 

Fig.  2     Dubois-Rousseau  Slide  Valve  Gear 


at  half  the  speed  of  the  engine.  Fig.  2  shows  the  position  of  the  valve 
gear  during  the  entire  cycle.  The  valve  gear  is  stationary  during  the  sec- 
ond and  third  stroke,  and  it  is  then  that  its  elasticity  is  of  importance 
in  permitting  it  to  make  a  tight  contact  with  the  enclosing  walls,  and  thus 
prevent  leaks.  The  same  valve  gear  may  be  applied  also  to  multicyliuder 
engines. 

Concerning  Crude  Oil  Engines  (Uher  Roholmotoren,  F.  Weinreb.  Elektro- 
technik  und  Maschinenhau,  vol  31,  no.  21,  p.  444,  May  25,  1913.  6  pp.,  11  figs. 
cdh).  A  general  article  on  the  introduction  and  use  of  internal-combustion 
engines,  and  their  economy.  The  paper  contains  numerous  data  showing  that, 
in  Germany  and  Russia,  it  has  been  found  that  for  central  station  work  the  Diesel 
engine  proved  to  be  not  only  more  reb'able  than  the  steam  turbine,  but  also  more 
economical.  The  greater  reliability  of  the  Diesel  engine  lies  mainly  in  the  fact 
that  it  permits  a  larger  reserve  storage  of  fuel  than  steam  plants,  and  makes  the 
plant  better  protected  against  interruptions  of  service  caused  by  tie-ups  in  trans- 
portation or  strikes. 
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Diesel-Electric  Motor  Cars  (Diesel-elektriske  motorvogyie,  Eleklroteknisk 
Tidsskrift,  vol.  26,  no.  13,  p.  99,  May  5,  1913,  3  pp.,  3  figs.  d).  In  The  Journal 
(May  1913,  p.  888-889)  reference  was  made  to  the  Diesel-electric  locomotives 
installed  lately  on  the  Swedish  railroads.  The  present  article  describes  them  in 
detail.  The  locomotives  are  designed  to  run  at  60  km  (37.2  miles)  maximum 
speed  per  hour,  and  take  care  of  two  trailers,  of  total  weight  30  tons  (33  short 
tons)  besides  that  of  passengers.  The  power  equipment  consists  of  a  6-cylinder, 
75-effective-horsepower  Diesel  engine,  running  at  700  r.p.m.,  and  a  direct- 
connected  .50  kw.,  440  volt,  direct  current  generator,  supplying  current  to  two 
30-h.p.  motors.  The  Diesel  engine  is  of  the  four-stroke  cycle  type,  with  six 
working  and  one  pump  cylinder  supplying  compressed  air  for  starting  the  engine 
and  fuel  injection.  The  air  for  the  brakes  is  supplied  from  a  separate  little  pump. 
The  fuel  tank  is  designed  to  hold  fuel  for  a  run  of  1200  km  (745  miles)  with  two 
trailers,  and  1800  km  (1120  miles)  without  the  trailers. 

The  locomotive  was  tested  in  May  1912  in  runs  between  the  stations  Enkoping 
and  Heby,  distance  37  km  (23  miles),  containing  grades  as  stiff  as  11  promill,  and 
minimum  radii  of  curvature  300  mm  (984  ft.).  Between  these  two  stations  there 
are  five  intermediate  stations  at  which  stops  were  always  made.  The  runs  were 
made  either  with  the  motor  car  alone,  or  with  trailers,  passenger  or  goods  cars, 
the  weight  of  the  trailers  not  exceeding  45  tons  (49.5  short  tons).  The  following 
data  as  to  fuel  (crude  oil)  consumption  are  given: 

a  Motor  car  alone,  weight  of  train  26.5  tons  (29.150  short  tons),  speed 
40  to  45  km  (24.8  to  27.9  miles)  per  hour;  fuel  consumption  per  run 
8.8  kg  (18.4  lb.),  per  train-kilometer  0.238  kg  (0.842  lb.  per  train- 
mile). 
b  Motor  car  and  trailer  (passenger  car),  weight  of  train  40  tons  (44  short 
tons),  speed  about  40  km  (24.8  miles)  per  hour;  fuel  consumption 
per  run  11.25  kg  (24.75  lb.),  per  train-kilometer  0.304  kg  (1.07  lb. 
per  train-mile) . 
c  Motor  car,  one  passenger  car,  and  one  or  two  goods  cars,  train  weight 
about  60  tons,  speed  35  km  (21.7  miles)  per  hour;  fuel  consumption 
per  run  12.6  kg  (27.72  lb.),  per  train-kilometer  0.342  kg  (1.21  lb. 
per  train  mile). 

Utilization  of  Blast  Furnace  Gases  in  Gas  Engines  {Sur  Vutilisaiion  des 
gaz  de  hauls  fourneaux  dans  le  moteurs  a  gaz,  Ch.  Reignier,  SociSte  induslrielle  de 
L'Est,  no.  109,  p.  21,  April  1913.  10  pp.,  2  figs.  dgh).  General,  partly  historical 
paper  on  the  use  of  blast  furnace  gases  in  gas  engines.  The  author  asserts  that 
a  kw-hr.  can  be  produced  from  blast  furnace  gases  at  two  centimes  (say  $0,004), 
this  figure  being  considered  rather  as  a  maximum  for  a  well  appointed  plant. 

(Jas  I'RonucERS  FOR  PowER  Gas  itjl^cr  (Utscizciificr  fi'ir  Kraftf/ds,  Gwosdz. 
Or/-  iind  (Ja.snitischiiic.  vol.  l-"-.  no.  2.  Serial,  d).  Sciui-annual  account  of 
l)rogre.ss  in  the  field  of  lias  iti-oduccr  engineering.  In  Fig.  3  is  shown  a 
r(ji)ihlned  rerolriiui  nidh'  jh-oiIiicci-  inid  slcani  hoilcr  designed  by  the  <'lii«»t' 
engineer  of  the  Vienna  Munici])al  (ias  Works  MariscliUa.  The  shaft  of  this 
producer,  to  its  full  length,  is  made  into  n  steam  boiler,  divided  into  t\v»» 
parts  with  a  large  number  of  water  tubes  between,  in  order  to  utilize  tbi» 
heat  contained  in  the  gases  leaving  the  producer.  In  addition  the  larger 
part  of  the  boiler  is  ])rovided  with  a  .iackct,  which  forceps  the  gases  to  How 
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along  the  surface  of  the  boiler  during  a  considerable  part  of  their  way 
out.  By  this  arrangement  it  has  provetl  i)ossible  to  reduce  the  temperature 
of  the  gases  leaving  the  producer  t6  '220  deg.  cent.  (428  deg.  fahr.),  while 
the  steam  in  the  boiler  is  brought  to  six  atmospheres  gage  pressure.  Only 
part  of  this  steam  is  required  for  the  gas  producer  itself;  the  rest  may 
be  used  t\)r  general  retiuirements.  The  chief  value  of  this  producer  lies 
in  the  fact  that  it  talies  care  of  cooling  the  gases  down  to  near  the  tempera- 
tui'e  at  which  they  can  be  conveniently  handled  in  the  gas  engine,  and  at 
the  same  time  utilizes  their  excess  of  heat.  This  is  not  the  first  attempt 
to  combine  a  gas  i^roducer  witli  a  boiler,  but  it  is  only  the  revolving  grate 
that  made  such  a  construction  conunercially  practicable,  owing  to  the  large 


Fig.  3     Marischka  Combined  Revolving  Grate  Producer  .ind  Steam  Boiler 


amount  of  fuel  hanciled,  and  correspondingly  lai'ge  amount  of  heat  devel- 
oped per  unit  of  shaft  cross-section.  Attempts  to  use  the  same  construc- 
tion in  gas  producers  with  by-product  recovery  do  not  appear  to  have  been 
successful,  owing  to  settling  of  tar  in  the  boiler  jacket. 

Delivery  of  I'^uel  into  the  Cylinders  of  Internal-Combustion  Engines 
FROM  uNnp:R  THE  PisTON  RiNGS  (O  poddcJir  (JO ri/onrlicva  r  zi/lindry  drifja- 
teley  vnooirennijcva  .si/aranii/a  i.spod  poisjinrri/kh  kalct::.  V.  Poksziszevski. 
Drifjatel,  vol.  7,  nos.  .'>  and  7.  pp.  ?.7  and  lO.I.  7  pp..  fi  figs,  d) .  The  author 
considers  mainly  engines  of  the  Diesel  type,  and  finds  tlie  following  imper- 
fections in  their  design:  (a)  the  atomizer  is  a  very  delicate  device,  not 
easily  adjustable,  and  apt  to  get  out  of  adjustment  with  change  in  the 
consistency  of  fuel ;  further,  it  requires  a  high  air  compression,  especially 
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when  the  engine  is  burning  oil  residues  (mazout)  ;  the  air  compressor  and 
atomizer  are  the  two  weak  elements  in  the  Diesel  engine  operation;  (ft) 
lubricating  oil  is  a  heavy  expense,  o\Ving  to  the  high  cost  of  oil  suitable 
for  internal-combustion  engines;  the  author  states  that,  at  the  prices  of 
oil  and  fuel  prevailing  in  Russia,  the  lubrication  costs  from  13  to  17  per 
cent  of  the  cost  of  fuel.  His  idea  is  therefore  to  construct  an  engine  that 
would  work  without  fuel  atomizer  devices,  and  provide  its  own  lubrication. 
This  is  to  be  done  in  the  following  manner  (only  a  brief  description  show- 
ing the  principle  of  the  new  design  is  given  here:  the  engine  has  not  yet 
been  built,  and  therefore  it  is  not  considered  worth  while  to  go  extensively 
into  details)  :  A  ring  C  (Fig.  4)  shaped  as  shown,  of  some  soft  and  elastic 
material,  such  as  soft  iron,  bronze,  etc.,  is  provided  on  the  piston,  its  diam- 
eter being  about  0.02  in.  less  than  that  of  the  cylinder  in  which  the  piston 
moves.  The  fuel  (naphtha  or  oil  residues)  passes  from  a  tank  (not  shown) 
where  it  is  periodically  under  pressure,  through  pipes  i  and  &  into  the  ring 
shaped  space  a  under  the  ring  C.    The  cycle  of  the  engine  is  then  as  follows : 

a    forward  stroke  :  working,  combustion. 

6  backward  stroke:  exhaust  of  the  products  of  combustion,  accom- 
panied, if  desired,  by  air  scavenging. 


Fig.  4     Internal  Combustion  Engine  Piston  with  Fuel  Delivery  through  the    Piston 

Rings 


forward  stroke ;  air  admission  and  exhaust  valves  are  both  closed ; 
a  vacuum  is  formed  in  the  cylinder;  at  the  same  time  the  fuel 
in  the  space  a  under  the  ring  C  is  set  under  pressure  from  the 
tank ;  as  a  result,  while  the  piston  moves  forward,  the  fuel  is 
forced  out  through  the  duct  e  into  the  passage  /,  whence  it  goes 
to  cover  by  a  thin  layer  the  cylinder  walls ;  the  comparatively 
high  temperature  of  the  cylinder  walls,  together  with  the  partial 
vacuum  in  the  cylinder,  combine  in  producing  the  evaporation 
of  a  large  part  of  the  fuel  thus  spread  on  the  walls  of  the  cylin- 
der ;  the  heaviest  constituents  of  the  naphtha  will  however  not 
evaporate,  and  it  is  they  that  form  a  layer  taking  care  of  the 
cylinder  lubrication.  At  the  end  of  this  stroke  air  is  admitted 
into  the  cylinder,  either  direct  from  the  atmosphere,  or  under 
some  compression. 

backward  stroke :  the  mixture  of  air  and  naphtha  vapor  is  com- 
pressed and,  when  near  the  dead  point,  ignited,  either  artifically. 
or  through  its  own  compression. 
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e  =  (a)     forward  stroke,  working,  combustion;  the  mixture  of  air 
and  naplatba  vapor  burn  on  the  Otto  cycle,  while  the  naphtha 
which  stayed  on  the  cylinder  walls,  and  had 'no  time  or  chance 
to   evaporate,   burns   additionally,   and   thermally   superimposes 
itself  on  the  Otto  cycle.     The  operation  of  the  engine  is  there- 
fore between  the  Otto  and  Diesel  cycles. 
There  is  of  course  a  certain  possibility  of  uncombustible  residues  of  the 
naphtha  used  settling  on  the  cylinder  walls ;  as  advantages  of  the  described 
construction  are  pointed  out  by   the  author :   reduction  in  the  size  and 
weight  of  the  piston,  and  reduction  in  the  consumption  of  cooling  water, 
due   to    partial    cooling    lu'oduced    by    the    spreading    and    evaporation    of 
naphtha. 

Machine  Shop 

Concerning  the  Basis  for  Determining  the  Power  Consumption  in 
Press  Forging  (tjber  die  Orundiagcn  zur  Ermittlung  des  Arbcitsbedarfes 
bcim  Schmieden  vntcr  der  Pressc,  Fr.  Riedel.  Zeits.  des  Vereines  deutscher 
Ingenieure,  vol.  57,  no.  22,  p.  845,  May  31,  1913.  Q%  pp.,  21  figs.  e).  The 
scope  of  the  article  is  considerably  broader  than  its  title  would  indicate. 
The  author  points  out  that,  while  the  power  consumption  in  press  forging 
may  be  determined,  too  little  is  known  as  yet  to  establish  a  law  showing 
the  relation  between  the  amount  of  power  consumed  and  the  change  of 
form  produced  thereby.  He  shows  that  such  a  relation  is  materially  af- 
fected by  the  formation,  when  plastic  bodies  are  compressed,  of  slip  cones 
(RutscJiJyCgel),  and  how  actual  data  as  to  the  strength  of  wrought  iron  at 
various  temperatures  may  be  obtained  by  means  of  an  electric  furnace.  He 
discusses  at  some  length  the  equations  regulating  cooling  of  iron  by  con- 
duction and  radiation. 

ScHucH  Riveting  Indicator  (Scliuchscher  Nietkontroller,  G.  Hilliger. 
Zcits.  fiir  Dampfkessel  und  Maschinenbetrieb,  vol.  36,  no.  22,  p.  263,  May 
30,  1013.  2^2  pp.,  5  figs.  d).  There  has  been  no  way  to  determine  the 
quality  of  a  riveting  job  besides  knocking  of  some  rivet  heads,  and  inspect- 
ing the  fractures.  In  the  riveting  process  itself  there  have  been  established 
practically  and  experimentally  certain  lengths  of  time  for  the  pressure  to 
be  applied  on  the  rivet  head,  but  there  was  no  certainty  that  these  were 
actually  adhered  to ;  rather  the  contrary  is  to  be  assumed  to  be  more  gen- 
erally the  case :  the  workman's  attention  is  so  much  taken  up  by  handling 
his  tools  that,  with  no  stop  watch  at  his  command,  he  is  hardly  likely  to 
be  able  to  time  his  operation  to  within  the  seconds  necessary  to  make  a 
really  good  job  of  riveting.  The  Schuch  riveting  indicator  is  intended  to 
obviate  all  these  ditliculties.  It  consists  of  two  parts :  The  first  records 
and  indicates  the  pressure  applied,  and  time  during  which  it  is  applied, 
while  the  second  simply  draws  a  time  line.  When  the  riveting  is  started. 
the  pressure-time  line  gradually  rises  until  the  full  pressure  is  applied; 
the  workman  has  then  conveniently  located  in  front  of  him  a  seconds  indi- 
cator which  permits  him  to  keep  the  pressure  for  just  as  long  as  is  wanted : 
The  second  line  indicates  the  time  of  day  when  each  rivet  was  made,  and 
thus  permits  keeping  account  of  the  amount  and  steadiness  of  work  done, 
giving  valuable  data  for  making  up  the  pay  check.    The  apparatus  works 
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antomjitically,  aud  appears  to  be  of  simple  construction.  No  detailed  de- 
scription is  liere  given  because  tbe  illustrations  in  tlie  original  are  some- 
what blurred,  and  woidd  be  difficult  to  reproduce. 

Measuring  Instruments 

Safety  Device  for  Use  in  Connection  with  the  Junkers  Recording 
Calorimeter  {Eine  Sicherungsvorrichtung  fiir  das  Junkers'sche  Registrierkalori- 
meter,  W.  Allner.  Journal  fiir  Gasbeleuchtung,  vol.  56,  no.  19.  p.  438,  3  pp.,  4 
figs.  d).  One  of  the  conditions  of  correct  working  of  the  Junkers  recording 
calorimeter  is  that  the  gas  and  water  (the  latter  used  for  taking  up  the  heat  of 
combustion  of  the  gas)  should  flow  to  the  calorimeter  uninterruptedly.  The 
device  described  consists  of  an  electrically  operated  cock  which  shuts  off  the  gas 
admission  to  the  calorimeter  whenever  there  occurs  a  disturbance  in  the  flow  of 
either  gas  or  water,  and  at  the  same  time  sounds  an  alarm  clock.  This  device 
prevents  both  the  possibihty  of  overheating  the  calorimeter  and  formation  of  an 
explosive  mixture  inside  it.  The  device  is  said  to  have  been  in  use  for  nearly  a 
year  and  given  satisfaction. 

Mechanics 

Experimental  Determination  of  the  Moment  of  Inertia  of  Runners 
(Experimentelle  Bestimmung  der  Trdghcitsmomentc  von  Laufrddern,  A. 
Lechner.  Dinglers  polytechnisclies  Journal,  vol.  328,  no.  22,  p.  337,  May  31, 
1913.  214  pp.,  2  figs.  e).  The  moment  of  inertia  of  a  body  has  been  hith- 
erto determined  by  the  method  of  oscillations,  or  from  the  inertia  period, 
or  by  means  of  the  Atwood  machine.  The  author  proposes  a  new  method 
based  on  the  following  principle.  When  a  pair  of  wheels  rolls  down  an 
inclined  plane  in  a  straight  line,  a  condition  of  pure  rolling  is  that,  first. 
there  is  friction  of  adhesion,  or  that  iR)^N.f,  and  second  that  v  —  r  w  =0. 
where  v  is  the  velocity  of  the  center  of  gravity  of  the  system,  w  angular 
velocity,  r  radius,  of  the  wheel,  N  normal  pressure,  and  f  coefficient  of  fric- 
tion. If  further,  T  be  the  moment  of  inertia,  m  mass  of  the  system  ^  angle 
of  inclination  of  the  plane  to  the  horizontal,  then : 

m—  =mg  sin  (p  —  R [1] 

dt 

and 

0  =  A^  —mg  cos  <p [2] 

^dxa 

T-77=R-r [3] 

dt 

and  since  v  =  roi,  it  follows  that 

dv  mr- 

-j=S  sm  ^— - — - [4] 

dt  I  -{-inr^ 

dv 
The  acceleration  —  may  be  expressed  by  the  length  of  the  path  s  and  respective 
dt 

time  t,  in  which  case  [4]  becomes 

T=mrng~^  .  t^'-l] [5] 


(sin  if  \ 


from  which  T  may  be  determined.  The  author  shows  how  he  has  proved 
by  the  use  of  a  supplementary  inequality  that  he  has  been  dealing  with 
pure  rolling. 
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Fig.  5A  shows  the  general  arrangement  of  the  testing  appariitus.  The 
Vlaue  AB  is  horizontal ;  the  angle  tp  determined  from  the  values  of  AV 
and  AE.  On  the  axis  of  the  body  subject  to  rotation  is  fixed  a  needle  and 
the  body  itself  is  placed  in  its  initial  position  at  E  in  such  a  manner  that 
the  point  of  the  needle  is  just  covered  by  the  vertically  hanging  thread; 
the  body  is  kept  in  this  position  by  a  powerful  electromagnet.  A  stop- 
watch is  set  into  action  at  the  moment  when  the  current  is  interrupted  in 
the  electromagnet  circuit  at  W,  and  is  stopped  when  the  needle  touches  the 
other  vertical  thread  GD.  The  measurement  of  time  is  of  the  greatest 
importance  in  this  process.  In  order  to  establish  the  moment  of  the  passage 
of  the  needle  by  the  thread  GB,  a  telescope  L  was  placed  in  front  of  the 
thread  on  which  a  ray  of  light  was  projected.  In  other  tests  the  apparatus 
was  arranged  so  that  the  observer  covild  see  only  the  points  E  and  D.  Sev- 
eral other  methods  were  tried,  but  it  was  found  that  the  more  elaborate 
processes  gave  practically  the  same  results  as  direct  observation.  Full  data 
of  the  tests  are  given.     The  values  obtained  for  the  wheel  tested  varied 


Fig.  5    Arkangement  of  Apraratus  for  Determining  the  Moment  of  Inertia  of  Runners 


between  418  and  461  g  cur',  while  the  calculated  value  for  the  wheel  under 
test  was  436  g  cm^  It  must  be  borne  in  mind,  however,  that  the  calculated 
value  is  based  on  the  assumption  of  perfectly  uniform  distribution  of  mat- 
ter in  the  structure,  and  no  allowance  is  made  for  possible  lack  of  homo- 
geneity of  the  material,  blowholes,  etc.  The  method  might  be  considerably 
improved  by  introducing  automatic  time  recording,  in  which  case  it  could 
be  used  for  large  wheels. 

Approximation  Method  for  the  Investigation  of  Stability  of  Elastic 
Systems  {N aherwigsviethode  zur  Untersuchung  der  Stabilitat  elastischer  Systeme 
S.  Timoschenko.  Kiewer  Univ.-Nachr.,  52,  no.  7,  p.  25,  1912,  through  Beibldtier 
zu  den  Annalen  der  Physik,  vol.  37,  no.  9,  p.  579,  1913.  et).  'VMien  one  or  two 
dimensions  of  an  elastic  body  are  very  small,  small  deformations  may  produce 
large  changes  of  form.  Then,  starting  from  a  "critical"  load,  there  may  be  several 
equilibria  with  a  single  system  of  forces,  and  the  one  corresponding  to  a  minimum 
of  potential  energy  is  a  stable  one.  With  the  critical  load  the  work  of  external 
forces  T  required  for  displacement  of  the  system  from  its  equilibrium  is  equal 
to  the  change  in  the  internal  energy  of  the  elastic  system  V,  and  an  approximate 
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determination  of  the  critical  load  may  be  effected  by  determining,  with  due 
restrictions  as  to  the  limiting  conditions,  some  equilibrium  of  the  values  of  T  and 
V.  This  method  gives  somewhat  high  values  for  the  critical  load,  and  several 
determinations  have  to  be  made  before  the  degree  of  approximation  can  be  esti- 
mated. The  original  article  shows  how  this  method  is  applied  to  technical  prob- 
lems some  of  which  have  not  yet  been  solved  owing  to  the  difficulty  of  integra- 
tions. 

A  Simple  Method  fok  Constructing  a  Differential  Curve  (Ein 
cinfachcs  Verfahren  zur  Bildung  von  Differentialktirven,  R.  Slaby.  Zcits. 
clcs  Vereines  deiitscher  Ingenieure,  vol.  57,  no.  21,  p.  821.  2  pp.  3  figs.  p). 
It  is  often  necessary  to  construct  a  curve  that  would  show  the  differential 
of  another  curve,  e.g.,  a  velocity  or  acceleration  curve  from  a  time-path 
curve.     The  author  recommends  the  following  simple  method  of  construct- 


if  N       m 
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Fig.  6     Differential  Curve  Construction 


ing  such  curves.  The  original  curve  a  (Fig.  6)  to  which  a  differential  curve 
has  to  be  constructed,  is  displaced,  parallel  to  the  axis  of  abscissae,  through 
some  small  distance  u,  and  the  difference  in  ordinates  between  the  original 
and  derived  curve  &  plotted  as  a  curve:  tins  curve  is  the  desired  differen- 
tial curve.  Since,  however,  it  is  displaced  in  position  from  the  original 
curve,  it  may  be  shifted  through  u/2  towards  the  origin,  in  order  to  bring 
it  into  complete  correspondence  with  the  curve  a.  The  author  proceeds 
to  prove  mathemiatically  that  the  curve  of  differentials  so  obtained  is  not 
an  approximation,  but  practically  an  exact  curve  of  differentials.  This 
part  of  the  article  is  omitted  owing  to  lack  of  space. 

Internal  Friction  of  Rarefied  Gases  (Uber  die  innere  Reibung  verdunnter 
Gase,  A.  Timiriazeff.  Annalen  der  Physik,  ser.  4,  vol.  40,  no.  5,  p.  971,  1913. 
20  pp.,  10  figs.  elA).  Only  the  conclusions  of  this  interesting  article  can  be  given 
here.  The  author  describes  a  process  for  the  determination  of  internal  friction 
in  rarefied  gases.  In  the  theoretical  part  of  his  investigation  he  follows  mainly 
the  Maxwell-Bolzmann  method  and  determines  the  variation  of  quantity  of 
motion  as  a  function  of  pressure.  He  finds  that:  (a)  as  has  been  established  by 
previous  experimenters,  the  shding  of  gas  particles  along  the  surface  of  a  solid 
body  in  contact  with  the  gas  is  inversely  proportional  to  the  density  of  the  gas, 
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and  therefore  can  be  observed  only  in  tlio  case  of  gases  of  comparatively  low 
density;  in  this  case,  howeve'r,  the  magnitude  of  the  sliding  is  ao/p=Co\,  and  is 
therefore  directly  proportional  to  X,  average  free  length  of  the  path,  and  in- 
versely proportional  to  the  pressm-e  p.  (b)  The  coefficient  of  sliding  Oo  is  related  to 
the  coefficient  of  sudden  change  of  temperature  yp  (introduced  by  Smoluchowski) 


in  accordance  with  the  following  simple  equation:  ao=7~7P- 

15 


(c)   The   coeffi- 


cient of  sliding  ««  has  been  determined  by  measuring  the  sudden  changes  of 
temperature,  and  the  theoretical  curve  G  of  variation  of  quantity  of  motion  was 


Fig.  7     Breguet  Ejectair 


plotted  as  a  function  of  log  p.  Experiments  with  air  and  carbon  dioxide  have 
confirmed  the  correctness  of  the  above,  (d)  The  curve  G=f  (log  p)  has  an  in- 
flection point  corresponding  to  pressure  pi  inversely  proportional  to  the  thickness 
of  the  gas  layer  d.  The  above  does  not  apply  to  cases  of  very  high  rarefication. 
Steam  Engineering 

Breguet  Ejectair  {UEjectair  Breguet,  H.  Eric.  Revue  iiulustnelle,  vol. 
44,  no.  2085/20,  p.  265,  May  17,  1913.  2  pp.,  4  figs,  d).  Description  of  a 
new  apparatus  for  producing  vacuum  in  condensers  of  steam  engines. 
Neither  the  principle  of  the  apparatus  nor  its  construction  are  really  new. 
but  the  designer  of  the  present  device,  Maurice  Delaporte,  of  the  Breguet 
Works,  of  Paris,  France,  was  the  first  to  construct  one  that  would  work 
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economically.  The  distinctive  featiu'e  of  the  Breguet  Ejectair  is  the  use 
of  two  ejectors  in  series  (Fig.  7).  The  first  one  A  talies  steam,  by  the  pipe 
B  from  the  condenser  C  in  which  a  vacuum  has  to  he  produced,  and  drives 
the  mixture  of  air  and  steam  into  au  auxiliary  condenser  D.  where  the 
air  is  picked  up  by  the  second  steam  ejector  E,  while  the  water  collecting 
at  the  bottom  of  the  auxiliary  condenser  U  is  directed,  by  the  pipe  F 
(notice  its  shape)  to  the  water  pump  of  the  main  condenser.  The  pipe  F 
is  shaped  as  shown  in  order  to  make  it  answer  its  three  purposes :  to  per- 
mit maintenance  of  a  difference  of  pressure  between  the  two  condensers, 
allow  water  to  flow,  and  prevent  the  flow  of  air.  The  only  pump  with 
moving  i)arts  in  this  apparatus  therefore  takes  care  only  of  water,  and 
thei-efore  lan  ordinary  centrifugal  pump  of  simple  and  rugged  construction 
may  be  used.  The  name  ejectair  has  been  given  to  the  combination  of  two 
ejectors  in  series  and  auxiliary  condenser.  This  device  was  further  im- 
proved by  providing  for  an  injection  of  cold  water  into  the  pipe  B  by 
which  the  ejector  A  takes  tlie  gaseous  mixture  from  tlie  main  condenser. 
By  this  means  part  of  the  vapor  in  the  mixture  is  condensed,  'and  its  air 
contents  increased,  so  that,  for  the  same  volume  handled  by  the  ejectair, 
the  actual  volume  of  air  extracted  from  the  condenser  becomes  consider- 
ably higher.  The  Breguet  apparatus  can  be  easily  adapted  for  use  with 
surface  condensers.  All  the  steam  used  by  the  ejectors  is  exhausted  into 
the  feedwater  tank ;  the  apparatus  is  started  simply  by  admitting  steam  to 
the  ejectors,  no  priming  being  necessary ;  practically  no  attendance  is  re- 
quired since  even  considerable  variations  of  pressure  do  not  affect  the 
vacuum  produced.  (From  paper  read  before  the  French  Society  of  Civil 
Engineers. ) 

Influence  of  Air  Supply  on  Smoking  Fires  (Einfluss  der  Luftsufiihrung 
bci  quahnenden  Feuern,  de  Gralil.  Zeitschrift  fiir  DcDupfkcssel  und  Maschi- 
nenbctrieb,  vol.  36.  no.  21,  p.  251,  May  23,  1913.  21/0  pp.,  2  figs.  ep).  The 
author  describes  tests  made  to  determine  whether  the  cutting  out  of  smoke 
consuming  apparatus  on  locomotives  and  trailers  affects  the  steam  pro- 
duction and  efficiency  of  the  boiler,  and  if  so,  how.  A  Marcotty  smoke 
consumer  was  used,  the  gases  being  collected  shortly  after  new  fuel  had 
been  thrown  in  in  glass  balloons,  and  subsequently  tested  in  the  labora- 
tory. This  proved  to  be  more  convenient  than  the  usual  tests  on  the  spot 
with  an  Orsat  apparatus  inasmuch  as  it  permitted  the  determination,  in 
addition  to  (CO.)  and  (O,),  of  the  contents  of  carbon  monoxide,  hydrogen 
and  methane  (CH4).  The  author  points  out  that  in  many  tests  the  effi- 
i-iency  of  a  boiler  plant  is  determined  from  the  steam  making  capacities, 
without  considering  that,  with  a  high  level  of  water  in  the  boiler,  some 
of  the  water  is  carried  away  by  the  steam,  and  the  result  is  apt  to  become 
misleading.  Unless  the  water  level  is  kept  low,  the  results  as  to  fuel 
utilization  may  be  quite  wrong,  and  differ  materially  from  values  obtained 
with  a  different  water  level.  In  addition  to  the  usual  determination  in 
tests  of  efficiency  of  smoke  consuming  apparatus,  the  unburned  gas  par- 
ticle should  be  determined  as  they  affect  the  heat  losses.  Table  1  shows 
the  difference  of  operation  with  the  smoke  consumer  in  action  and  cut 
off,  and  proves  the  imiwrtance  «)f  heat  losses  due  to  escape  of  CO.  H,  and 
CH,  through  smoke  emission  of  the  fire  after  fresh  stoking,  losses  which 
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are  to  a  large  extent  olimiiuitetl  by  the  application  of  the  smoke  consum- 
iug  device,  i.e.,  use  of  overgrate  blast.  Attention  is  also  called  to  the  tem- 
peratures of  flue  gases,  from  which  very  misleading  conclusions  could 
easily  be  drawn.  In  fact,  in  test  no.  1,  with  the  smoke  consumer  cut 
out,  the  flue  gas  temperature  is  305  deg.  cent.  (581  deg.  fahr.),  with  the 
Marcotty  apparatus  in  action  420  deg.  cent.  (788  deg.  fahr.)  :  the  lower 
temperature  in  the  flrst  case  is,  however,  due  to  incomplete  combustion,  and 
canot  l)e  used  as  an  argument  for  the  presence  of  higher  efficiency. 

On  the  whole  the  author  found  that,  with  the  smoke  consuming  device 
cut  out.  the  smoke  stack  losses  were  10.41  per  cent,  and  the  losses  through 
incomplete  combustion  (no  attention  was  paid  to  carbon  particles  in  tlie 
flue  gases)  18.71  per  cent ;  with  the  Marcotty  device  in  operation,  the  re- 
spective losses  were  19.85  and  0.47  per  cent,  thus  giving  a  total  distinctly 

TABLE  1     SMOKE  CONSUMER  TESTS 


Marcotty  Smoke  Consumer  Cut  Out 


Time 


CO2 


CO 


H2 


CH4 


1.26 

13.65 

2.00 

2.81 

1.31 

0.48 

79.75 

l,26Ji 

13.20 

1.35 

5.13 

1.90 

0.57 

77.86 

1.27H 

13.65 

1.35 

3.68 

1.61 

0.40 

79.31 

1.28M 

14.60 

2.20 

2.77 

0.46 

0.22 

79.75 

Marcotty  Smoke  Consumer  in  Operation 


12.25H 

12.20 

5.50 

0.22 

0.07 

0.11 

81.90 

12.26M 

12.70 

6.00 

81.30 

12.27 

15.00 

4.00 

81.00 

12.27Ji 

13.00 

6.50 

80.50 

12.29 

12.00 

7.50 

80.50 

in  favor  of  the  smoke  consumer  operation.  As  the  period  after  stoking 
increases,  the  two  sets  of  figures  naturally  approach  one  another.  The 
article  contains  a  description  of  the  author's  tests  which  cannot  be  more 
fully  reported  here  owing  to  lack  of  space. 

This  table  shows  that  while  the  smokestack  losses  are  larger  when  the 
smoke  consumer  is  used,  the  losses  through  incomplete  combustion  of  gases 
are  in  that  case  so  small  as  to  make  the  final  result  materially  in  favor 
of  the  use  of  the  smoke  consumer.  This  is  further  illustrated  in  the  orig- 
inal article  by  diagrams.  The  author  states  that  firemen  are  usually 
against  using  visible  air  admission,  because  it  may  be  easily  abused  and 
thus  produce  fall  of  vacuum,  decrease  of  steam  production,  and  increased 
fuel  consumption.  It  is  therefore  advisable  to  install,  in  connection  with 
smoke  consuming  apparatus,  devices  for  automatically  ("invisibly  to  the 
fireman,"  as  the  author  expresses  it)    regulating  the  air  admission,  and 
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at  the  same  provide  means  for  restoring  the  vacuum  produced  by  sup- 
plementary air  admission.  In  locomotives  an  auxiliary  air  blower  should 
be  provided  which  would  automatically  begin  to  act  as  soon  as  the  steam 
was  shut  off,  so  as  to  provide  the  air  necessary  for  a  proper  consumption 
of  coal.  All  the  devices  concerned  with  smokeless  coal  burning  on  the  loco- 
motive must  be  automatic,  since  the  fireman's  work  is  so  strenuous  as  to 
leave  him  no  time  for  their  proper  handling. 

The  Modern  Problems  of  the  Furnace  Room  and  Their  Solution 
(Sovremeniya  sadachi  kachegarki  i  ikh  reshenye,  K.  I.  Plamenevski. 
Zapiski  of  the  Russian  Imperial  Technical  Society  (in  Russian),  vol.  47, 
no.  3,  p.  67,  March  1913,  serial,  not  finished,  cd).  General  discussion  and 
comparative  description  of  various  types  of  'boiler  furnaces,  among  others 


Fig. 


LOMSHAKOFF    FuRNACE 


that  of  the  Loriishakoff  furnace,  tested  at  the  Nevsky  shipbuilding  works 
in  St.  Petersburg,  Russia.  It  is  of  the  inclined  grate  type  (Fig.  S),  with 
arches  directing  the  flow  of  gases  over  the  incandescent  fuel,  these  gases 
being  conducted  to  the  smokestack  through  a  narrow  pass  which  was  ex- 
pected to  assist  in  complete  mixing  and  combustion  of  gases.  At  first  the 
arch  was  made  very  long,  and  the  pass  narrow,  on  the  supposition  that  the 
narrower  the  pass,  the  more  complete  will  be  the  combustion  of  the  gases. 
It  was  found  however  that  the  distribution  of  temperature  throughout 
the  boiler  was  very  unequal,  and  at  the  pass  into  the  smokestack  so  high 
that  firebricks  melted  and  the  arches  fell  away  in  less  than  one  month. 
Long  grates  were  used,  with  the  result  that  coal,  ashes,  slag  and  bricks 
accumulated  under  the  bars,  and  not  less  than  four  men  had  to  be  em- 
ployed to  clear  it  away.  The  long  and  heavy  grate  bars  easily  burned  off, 
and  as  soon  as  al)()ut  4  in.  of  their  length  was  destroyed,  the  bar  had  to 
be  taken  out,  with  a  great  loss  of  time  and  effort.     Numerous  tests  were 
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made  and  flually  the  design  shown  in  Fig.  8  was  evolved,  with  a  short 
arc-li  (400  mm,  or  35.7  in.),  large  gas  combustion  space,  short  grate  bars 
disposed  in  se\eu  steps  as  shown,  and  a  more  convenient  system  for  the 
removal  of  slags.  Thus  reconstructed,  the  furnace  has  been  in  operation 
for  over  a  year  without  repairs,  burning  180  kg  of  coal  per  qm  per  hour 
(36.8  lb.  per  sq.  ft,  per  hr.),-  with  temperature  at  the  furnace  bridge  250 
to  300  deg.  cent.  (062  to  572  deg.  fahr.),  and  draft  6  to  10  mm  (0.23  to 
0.39  in.)  with  half  closed  damper,  while  with  20  mm  (0.78  in.)  draft  200 
kg  per  qm  (41  lb.  per  sq.  ft.  of  coal  can  be  burned,  and  30  kg  of  steam  per 
qm  (6.15  lb.  per  sq.  ft.)  of  heating  area  developed.  The  normal  content 
of  CO2  from  10  to  13  per  cent ;  CO  none.  At  the  same  place  tests  have 
been  made  with  comjjressed  air  undergrate  blowing  in  connection  with  an 
ordinary  grate,  and  it  was  found  that  the  combustion  of  fuel  proceeds  more 
economically  and  can  be  more  completely  regulated  than  otherwise.  With 
air  pressure  in  the  undergrate  blower  of  25-30  mm  (1  to  1.18  in.)  it  was 
easy  to  burn  140  kg  per  qm  (28.8  lb.  per  sq.  ft.)  grate  area.  The  difficulty 
with  which  they  had  to  contend  in  these  tests  was  due  to  the  absence  of 
ai)paratus  showing  the  efficiency  of  furnaces  with  undergrate  draft,  CO, 
recording  in  itself  not  being  sufficient.  These  tests  have,  however,  indicated 
the  general  usefulness  of  undergrate  blowing  with  compressed  air,  as  well 
as  the  necessity  for  a  different  type  of  grate  bar,  such  as  would  eliminate 
the  loss  of  compressed  air ;  some  method  of  obtaining  a  uniform  distribu- 
tion of  the  air  blast  through  the  fuel  bed  is  also  wanted. 

Modern  Experiments  and  Experiences  with  Materials  for  Turuine 
Blades  for  High  Teaiperatures  {Neuere  Versuche  und  Erfahrungen  mil  Ttir- 
hinen-schaufelmaterial  fur  hohc  Temperaluren,  Schulz.  Die  Turbine,  vol.  9,  nos. 
13,  14,  15,  pp.  225,  243,  266,  April  5  and  20,  and  May  5,  1913.  7  pp.  ep).  A 
complete  compilation  of  data  on  materials  for  use  in  superheated  steam  and  gas 
turbine  construction  for  parts  exposed  to  the  action  of  hot  gases  and  at  the  same 
time  to  high  stresses.  The  author  takes  up  one  material  after  another,  citing 
data  of  tests  on  its  tensile  strength  and  elongation  at  temperatures  up  to  or 
above  500  deg.  cent.  (932  deg.  fahr.),  giving  references  to  former  investigations. 
Notwithstanding  its  high  melting  point,  pure  nickel  cannot  be  used  on  account 
of  its  fragiUty  at  high  temperatures.  Wrought  iron  appears  to  be  very  suitable 
for  superheated  steam  turbines  [tensile  strength  at  932  deg.  fahr.,  according  to 
Dr.  Kolbnann,  fell  from  37  kg  (52,600  lb.  per  sq.  in.)  to  13  kg  (18,400  lb.  per  sq. 
in.),  but  according  to  Rudeloff  at  400  deg.  cent.  (752  deg.  fahr.)  it  still  has  a 
tensile  strength  of  32  kg  (45,500  lb.  per  sq.  in.)  and  an  elongation  of  40  per  cent]. 
It  is  used  for  blades  in  the  Thyssen  and  Melms  &  Pfenninger  steam  tin-bines. 
Ordinary  bronzes  have  not  proved  satisfactory,  but  some  of  the  special  bronzes 
gave  good  results;  thus,  Professor  Striebeck  obtained  good  results  with  Durana 
metal  (59  Cu,  40  Zn,  1  Sn,  0.4  P,  0.3  Fe)  at  temperatures  up  to  350  deg.  cent. 
(662  deg.  fahr.);  nearly  similar  results  were  obtained  with  Resistin  (a  bronze  con- 
taining 5  to  6  per  cent  of  manganese) :  the  first  of  these  bronzes  is  used  in  the 
Imle  tvu-bines,  the  second  in  the  blades  in  the  superheated  steam  stages  of  the 
turbines  of  the  steamer  Kaiser,  built  by  the  Vulkan  yards  of  Stettin.  The 
Stones  manganese  bronze  is  used  for  blade  construction  in  the  Japanese 
navy.  Very  good  results  have  been  obtained  in  1912  at  the  Weser  Company 
yards  in  tests  with  Ruebcl  bronze,  but  these  data  cannot  yet  be  considered 
as  conclusive.      Aluminum  bronzes   do   not   appear   to    have   withstood    long 
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usage,  though  satisfactory  on  short  tests.  As  r(>g;irds  special  steels  (alloy 
steels),  the  tests  of  Fabry,  at  the  laboratory  of  the  Hungarian  Royal  Iron 
and  Steel  Works,  have  shown  that  at  high  temperatures  low  carbon  steel  is 
superior  to  high  carbon.  Rudeloff  has  found  that  nickel  steels  with  8  to  16  per 
cent  nickel  materially  increase  in  strength  when  slowly  cooled  after  heating. 
Carbon-free  nickel-iron  alloys  patented  for  use  in  turbine  blades  by  the  Brown- 
Boveri  Co.,  have  failed  in  laboratory  tests.  Regular  5  per  cent  nickel  steel  has 
proved  to  be  very  efficient,  while  higher  nickel  steels  (25  per  cent)  have  not  been 
found  to  be  quite  as  good.  On  the  other  hand  Guillet,  on  the  basis  of  extensive 
tests,  recommends  for  blades  steel  of  30  to  32  per  cent  Ni  and  maximum  0.12 
per  cent  C.  This  steel  has  the  further  advantages  that  its  coefficient  of  expan- 
sion is  small,  and  that  it  does  not  rust  in  clean  water.  As  regards  Monel  metal, 
there  is  Uttle  doubt  as  to  its  good  qualities,  especially  in  the  composition  68  per 
cent  Ni,  27  per  cent  Cu,  and  the  rest  iron  and  manganese,  but  it  is  so  hard  that 
it  cannot  be  conveniently  rolled,  at  least  that  has  been  the  experience  of  the 
firm  Heckmann  in  Germany  which  finally  discontinued  its  manufacture.  It 
makes,  however,  turbine  blades  of  a  softer  material,  with  65  per  cent  Ni  con- 
tent. Horenz  and  Imle  are  now  making  tests  with  Monel  blades  in  turbo-blower 
blades,  but  the  data  have  not  been  pubUshed  yet;  it  appears,  however,  that  at  red 
heat  the  metal  is  malleable,  and  after  being  once  heated  to  redness  does  not 
oxidize  further.  The  article  gives  also  some  data  as  to  another  nickel  alloy  called 
"Chronin,"  but  does  not  indicate  its  composition.  Chrome-nickel  alloys,  with 
25  and  more  per  cent  Cr,  have  a  high  resistance  to  chemical  influences,  but  are 
not  malleable  and  cannot  generally  be  shaped  mechanically.  The  addition  of 
1.5  to  2.5  per  cent  silver  (30  per  cent  chrome,  rest  Ni:  patent  Borchers)  is  said 
to  improve  materially  the  mechanical  quahties  of  the  alloy,  so  that  it  can  be 
machined  in  the  usual  manner. 
Strength  of  Materials   and  Materials  of  Construction 

On  the  Elastic  Limit  of  Alloys  {Sur  la  liniite  elastique  des  alliages,  A. 
Portevin.  Comptes  rendns  de  V Academie  des  Sciences,  vol.  156,  no.  16,  p.  1237, 
April  21,  1913.  4  pp.,  6  figs.  e).  One  of  the  methods  of  determining  the  elastic 
limit  of  metals  and  alloys  is  that  of  slip-bands.  The  author  made  a  series  of 
tests  with  alloys,  using,  for  simpUcity's  sake,  alloys  which  have  preserved  at  the 
ordinary  temperature  their  crystalline  structure  of  soUdification,  that  is,  have 
not  after  soUdification  passed  through  either  intentional  deformation  or  sec- 
ondary recrystalHzation.  The  tests  were  made  with:  (a)  alloys  formed  of  a 
single,  soUd,  chemically  homogeneous,  solution  (slip  bands  appeared  first  in 
certain  grains  only  and  gradually  spread  out  to  all  the  grains;  the  sections  of 
maximum  and  mininnun  limits  of  elasticity  may  be  determined,  by  noting  the 
sections  where  the  initial  and  complete  deformation  occur  first) ;  the  author  ob- 
serves in  this  connection  that  the  limit  of  elasticity  which  is  a  vectorial  quantity 
in  a  single  grain,  becomes  a  scalar  for  the  entirety  of  the  piece  only  because  of 
the  lack  of  uniformity  in  the  orientation  of  the  crystals.  (6)  In  alloys  formed  of 
a  single,  soUd,  chemically  heterogeneous,  solution,  the  chemical  composition 
varies  in  each  crystalline  aggregate  from  the  center  to  the  periphery,  the  central 
parts  having  the  highest  melting  point.  Each  crystal  will  behave  in  the  same 
way  as  in  the  preceding  case,  with  that  difference,  however,  that  the  elastic 
limit  of  the  central  part  is  not  the  same  as  that  of  the  periphery,  the  slip-bands 
appearing  first  in  the  part  of  the  crystal  having  the  lowest  elastic  hmit.  (c)  In 
the  case  of  a  complex  of  two  phases,  e.  g.  brass  with  a  57  per  cent  content  of 
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copper,  there  are  two  constituents,  and  the  slip-bands  appear  first  in  one  of 
them  (a).  All  these  observations  tend  to  show  that  the  curve  of  load-deformation 
is  continuous,  and  cannot  be  therefore  set  precisely  in  one  definite  quantity 
(elastic  limit) :  in  fact,  it  extends  between  limits  which  depend  both  on  mechan- 
ical anisotropy  of  the  crystals,  and  degree  of  chemical  homogeneity  of  the  alloy. 
Lineal  Expansion  of  Solids  by  Heat  at  Higher  Temperatures  {Ther- 
mische  Ausdehnung  fester  Korper  bei  hoheren  Tertiperaturen,  A.  Werner.  Zeits. 
fur  Davipfkessel  und  Maschinenbetrieb,  vol.  36,  no.  19,  p.  227,  May  9,  1913. 
3  pp.,  8  figs.    e).    Description  of  some  experiments  on,  and  methods  used  for,  the 

TABLE  2     LINEAL  EXPANSION  BY  HEAT  OF  NICKEL  STEEL 


Lineal  Expansion  in  millimeters  per  Met«r  of  Material 

Temperature, 

Percentage  of  Nickel  in  Steel 

Deg.  Cent. 

5 

25 

25 

33 

0 

0.000 

0.000 

0.000 

0.000 

50 

0.472 

0.731 

0.741 

-0.009 

100 

1.003 

1.564 

1.608 

+0.009 

150 

1.589 

2.471 

2.556 

0.119 

200 

2.203 

3.418 

3.545 

0.386 

250 

2.833 

4.378 

4.527 

0.876 

300 

3.465 

5.322 

5.464 

1.651 

The  two  columns  for  25  per  cent  nickel  steel  correspond  to  test  pieces  of  different  origin. 

determination  of  the  coefficient  of  Uneal  expansion  of  sohds  at  higher  tempera- 
ture in  the  laboratory  of  the  PhysikaHsch-Technische  Reichanstalt  (for  a  fuller 
description  of  this  new  apparatus  see  A.  Leman  and  A.  Werner,  Zeits.  fiir  Instru- 
mentenkunde,  1913,  no.  3,  p.  65).  The  Uneal  expansion  is  determined  relatively 
to  that  of  quartz  glass  which  is  convenient  since  the  expansion  of  quartz 
glass  has  been  determined  with  great  precision  up  to  1000  deg.  cent.  (1832  deg. 
fahr.)-  Table  2  shows  the  data  obtained  for  the  expansion  of  nickel  steel  with 
various  percentages  of  nickel,  interesting  because  of  the  wide  use  of  nickel  steel 
in  automobile  and  steam  turbine  construction. 

Enemies  of  Reinforced  Concrete  (/  neniici  del  cemento  armato,  Professor 
Rohland.  Verkehrtechnische  Woche,  April  26,  1913,  through  V Ingegneria  Ferro- 
viaria,  vol.  10,  no.  9,  p.  137,  May  15,  1913.  p).  A  review  of  various  influences 
affecting  the  strength  and  durability  of  reinforced  concrete  (action  of  water  of 
various  composition,  earth,  and  electric  currents),  and  explanation  of  the  under- 
lying chemical  phenomena. 

Experiments  on  the  Distribution  of  Stresses  in  Notched  Bars  under 
Tension  {Versuche  ilber  die  Spannungsverteilung  in  gekerbten  Zugstdben,  Dr.  Ing, 
E.  Preuss.  Mitteilungen  ilber  Forschungsarbeiten  auf  dem  Gebiete  des  Ingenieur- 
wesens,  no.  134,  1913.  p.  47,  15  pp.,  30  figs.  e).  Experimental  investigation  on 
the  distribution  of  stresses  in  notched  bars  under  tension,  to  be  read  in  connec- 
tion with  the  author's  former  investigation  on  the  distribution  of  stresses  in 
punched  bars  {The  Journal,  February  1913,  p.  341).  For  notched  bars  the 
author  shows  that  (a)  in  bars  with  equal  depth  of  notch,  the  stress  at  the  notch 
edge  is  inversely  proportional  to  the  diameter  of  the  notch;  (6)  in  bars  with  equal 
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diameters  of  notch  and  equal  notch  widths,  the  stress  at  the  notch  edge  is  pro- 
portional to  the  depth  of  notch;  (c)  when  the  notch  is  semicircular,  the  stress  at 
the  notch  edge  is  inversely  proportional  to  the  diameter;  (d)  it  has  been  found 
that,  with  the  exception  of  the  case  of  sharp  cornered  notches,  the  stress  at  the 
notch  edge  is  from  1.43  to  2.48  greater  than  the  usually  assumed  average  stress; 
(e)  the  minimum  stress  along  the  middle  axis  of  the  bars  in  the  bars  tested  is 
subject  to  stresses  0.71  to  0.98  times  the  average  stresses. 

Miscellanea 

Washing,  Bathing  and  Dressing  Rooms  in  Factories  {Wasch-  und  Bade-, 
sowie  Ankleideraume  hi  Fahriken,  H.  W.  Sozial-Techiik,  vol.  12,  no.  10,  p.  187, 
May  15,  1913.  3  pp.  p).  A  practical  discussion  of  the  question  of  providing 
workmen  with  washing,  bathing  arid  dressing  facilities,  and  the  best  types  of 
furniture  and  apparatus  to  be  used  in  this  connection.  The  author  points  out 
that  the  fact  that  the  workmen  sometimes  do  not  make  as  much  use  of  the 
faciUties  provided  for  them  as  coidd  be  expected,  is  due  mainly  to  the  unsatis- 
factory arrangement  or  location  of  the  rooms,  forcing  the  men  to  lose  much  time 
in  reaching  them  or  in  waiting  for  their  turn  to  use  the  washstands.  Often  also 
the  washrooms  are  kept  in  a  state  such  as  to  make  their  use  repulsive.  On  the 
other  hand,  the  training  of  workmen  in  orderliness  and  cleanliness  is  of  advan- 
tage both  to  the  men  and  the  employer,  and  in  some  trades,  e.  g.  where  poisonous 
substances  are  used,  of  absolute  necessity.  The  author  recommends  the  use  of 
separate  washrooms  for  the  different  shops  rather  than  a  common  place  for  the 
entire  factory,  both  because  of  their  better  accessibility,  and  because  it  is  advan- 
tageous to  keep  the  separate  groups  of  men  as  much  apart  as  possible. 

Smokestack  Construction  with  Special  Regard  to  Accident  Prevention 
{Schomsteinhau  unter  hesonderer  BerucksichUgung  der  Unfallverhulung,  H.  Dieck- 
hoff.  Sozial-Technik,  vol.  12,  no.  9,  p.  161,  May  1,  1913.  8  pp.,  7  figs.  dA). 
Discussion  of  the  main  safety  devices  to  be  used  in  smokestack  construction.  The 
author  is  owner  of  a  well-known  firm  of  smokestack  constructors  in  Germany. 
The  removal  of  old  smokestacks  is  also  briefly  discussed. 

Sound  Conductivity  of  Building  Materials  and  Walls  {Uber  Schall- 
durchldssigkeit  von  Baumaterialien  und  ausgefilhrlen  Wdnden,  R.  Ottcnstein. 
Gesundheils-Ingenieur,  vol.  36,  no.  19,  p.  345,  May  10,  1913.  4  pp.,  3  figs.  e). 
A  preliminary  publication  of  data  of  an  investigation  on  sound  conductivity  in 
various  materials  and  structures.  Information  about  this  investigation  has 
ah-eady  been  published  in  The  Journal  (March  1912,  p.  430);  a  fuller  account 
will  be  given  after  the  complete  publication  of  the  data  of  the  original  investiga- 
tion. From  the  data  pubhshed  in  this  article  it  appears  that  the  increase  in  the 
weight  of  the  sound-protecting  plate  or  wall  is  proportional  to  the  useful  effect 
obtained  only  up  to  a  certain  hmit,  beyond  which  the  sound  conductivity  of  the 
plate  decreases  much  slower  than  the  increase  in  weight.  l"*he  fundamental  con- 
dition of  sound  protection  is  the  best  possible  airtight  division  between  the 
spaces  in  question;  heavy  walls  afford  a  better  protection  against  transmission 
of  sound,  due  to  then-  higher  resistance  to  the  rise  of  oscillations;  air  spaces 
between  oscillating  walls  lessen  the  dampening  action  of  the  walls ;  air  spaces , 
between  porous  walls  or  a  porous  and  a  solid  wall  are  harmful,  and  packing  of 
loose  material  between  such  walls  is  of  httle  help,  since  it  does  not  offer  sufficient 
resistance  to  the  propagation  of  sounds.  A  method  for  the  determination  of 
sound  conductivity  in  walls  is  described. 


ARTICLES   UPON   GAS   POWER 

(Prepared  by  the  Gas  Power  Literature  Committee)  ^ 

Betriebseufahrungen  MIT  DiESELSCHiFFEN.    ZeiLschrift  des  Vereines  deidscher 
Ingcnieure,  March  29,  1913.     I  p.     p. 
Marine  operating  experience  with  the  Diesel  engine. 

Flugzeugmotor,  Die  Durchfuhrung  und  das  Erqebnis  des  Wbttbewerbes 
vu  DEN  Kaiserpreis  FtJR  DEN  BESTEN  DEUTSCHEN,  F.  Bendemami  and 
Seppeler.  ZeiLschrift  des  Vereines  deutscher  Ingenieure,  May  3,  1913.  6  pp., 
23  figs.     p. 

The  conduct  and  result  of  the  competition  for  the  Emperor's  prize  for  the  best  German  flying- 
machine  motor. 

Gemischbildung  in  Gasmaschinen,  Zeichnerische  Untersuchung  der,  J. 
Magg.  Zeitschrift  des  Vereines  deutscher  Ingenieure,  May  3,  1913.  3|  pp., 
3  curves,     m. 

Graphic  investigation  on  the  mixture  formation  in  gas  engines. 

Steuerungsdiagramm    FiJR    ViERTAKTMAacHiNEN,    J.   Magg.      Zeitsckrift  des 
Vereines  deutscher  Ingenieure,  February  15,  1913.     2  pp.,  6  figs.     to. 
Article  on  valve-gear  diagram  for  four-stroke  cycle  engines. 

V'erbrennungskraftmaschinen  uns  der  Weltausstellung  in  Gent,  P. 
Meyer.  Zeitschrift  des  Vereines  deutscher  Ingenieure,  May  17,  1913.  Serial 
article,     dp. 

Internal-combustion  engines  at  the  World's  Fair  in  Ghent. 

Verbrennungsmotoren  und  ein  neuer  Sechstaktmotor,  Die  Steigerung 
DER  Leistung  von,  Emilf Schimanek.  Zeitschrift  des  Vereines  deutscher 
Ingenieure,  January  25,  1913.    7f  pp.,  11  figs.,  2  tables,  8  curves,    mp. 

Increasing  the  duty  capacity  of  internal-combustion  engines  and  a  new  six-stroke  cycle  engine. 


^  Opinions  expressed  are  those  of  the  reviewer,  not  of  the  Society.  Articles 
are  classified  as  c  comparative;  d  descriptive;  e  experimental;  h  historical; 
in  mathematical;  p  practical.  A  rating  is  occasionally  given  by  the  reviewer, 
as  A,  B,  C.    The  first  installment  was  given  in  The  Journal  for  May  1910. 
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MEETING 

SAN   FRANCISCO  MEETING.  MAY   15 

A  meeting  of  the  Sau  FraiKisto  Section  of  the  Society  was  lield  on 
Thursday  evening,  May  15,  in  tlie  rooms  of  tlie  Comniorcial  Club.  G.  L. 
Bayley,  Mem.Am.Soc.M.E.,  chief  mechanical  and  electrical  engineer  of  the 
Panama-Pacific  International  Exposition  Company,  read  a  paper  on  the 
progress  of  the  buildings  being  erected  for  the  exposition,  illustrating  his 
remarks  with  lantern  slides. 

BOSTON   MEETING,   MAY   23 

A  meeting  of  the  Boston  Section  of  the  American  Institute  of  Electrical 
Engineers,  in  which  the  members  of  the  Society  were  invited  to  participate, 
was  held  on  Friday  evening.  May  23,  in  the  Edison  Company  Auditorium. 
The  paper  of  the  evening  was  upon  the  Organization  and  Methods  of  a 
Large  Engineering  and  Construction  Company,  presented  by  Roy  M.  Hen- 
derson, vice-president  and  construction  manager  of  the  Stone  &  Webster 
Engineering  Corporation.  In  if  he  sketched  the  steps  in  the  development 
of  the  business  leading  up  to  the  present  organization  and  outlined  the 
latter  in  detail  with  special  reference  to  the  engineering,  construction,  pur- 
chasing and  accounting  staffs.  He  described  also  the  scheme  of  local 
organization  for  field  operations. 

STUDENT  BRANCHES 

CASE    SCHOOL    OF    APPLIED    SCIENCE 
On  May  8,  the  Mechanical  Engineering  Club  of  Case  School  of  Applietl 

Science  elected  the  following  officers  for  the  coming  year:  chairman,  II.  C. 

Mummert ;  vice-chairman,  S.  Kenyon ;  secretary,  C.   Stemm ;  treasurer,   S. 

Stanley ;  senator,  L.  F.  Milligan. 

The  paper  of  the  evening  was  Coal  and  Ashes  Handling  Machinery,  by 

David   Gaehr,   Mem.Am.Soc.M.E.     It  was  the   first   time   the   lecture   was 

given  and  the  author  had  prepared  many  original  slides  to  illustrate  his 

talk.     A  social  gathering  followed. 

PURDUE    UNIVERSITY 

At  a  meeting  of  the  Purdue  Student  Section  held  May  20,  the  following 
officers  were  elected  for  the  coming  year :  chairman,  A.  D.  Meals ;  vice- 
chairman.  J.  M.  Lonu ;  recording  secretary,  R.  E.  Kriegbaum ;  treasurer, 
W.  T.  Miller ;  program  committee,  S.  A.  Peck  and  F.  G.  Spencer ;  corre- 
sponding secretary,  G.  F.  Lynde ;  members  of  the  governing  council,  C.  W. 
Handley  and  E.  A.  Tuttle. 
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UNIVERSITY     OF     CINCINNATI 

'I'lii'  :iimii;il  oloction  of  oflicers  of  the  Student  Braucli  of  the  University 
of  ('inciiiuati  was  held  May  27  with  the  following  results:  chairman,  A.  O. 
Ilurxtlial;  vice-chairman,  R.  M.  Race;  secretary  and  treasurer,  E.  A. 
Oster. 

Preceding  the  election,  Charles  S.  Gingrich.  Mem.Am.Soc.M.E.,  addressed 
the  section  on  The  Engineer,  discussing  the  municipal  and  economic  prob- 
lems confronting  him,  and  his  relation  to  capital  and  labor. 

UNIVERSITY     OF     ILLINOIS 

At  the  last  meeting  of  the  year  held  on  May  23,  the  Student  Branch  of 
the  ITniversity  of  Illinois  elected  the  following  officers:  chairman,  A.  H. 
Aagaard  :  vice-chairman,  Geo.  Meyer ;  treasurer,  H.  C.  Peterson ;  secretary, 
II.  E.  Austin. 

The  program  for  the  afternoon  consisted  of  a  paper  on  The  Design  of 
Gas  Tractors,  by  E.  J.  McCormick. 


NECROLOGY 

ADOLPHUS   BONZANO 

Adolphus  Bonzano,  pioneer  bridge  builder  and  inventor  of 
the  Bonzano  rail  joint  and  other  railroad  appliances,  was  born 
at  Ehingen,  Germany,  December  5,  1830.  He  received  a  classical 
and  engineering  education  both  at  Ehingen  and  at  Stuttgart, 
and  in  1850  came  to  America  to  perfect  himself  in  the  study  of 
English.  In  1851  he  went  to  Springfield,  Mass.,  w^here  for  the 
following  four  years  he  served  as  apprentice,  machinist  and 
draftsman  for  the  American  Machine  Works.  Until  1860  he 
was  engaged  as  superintendent  of  construction  of  the  Detroit 
Dry  Dock  Iron  Works,  which  was  later  transformed  into  the 
Detroit  Bridge  &  Iron  Works,  one  of  the  earliest  bridge  building 
plants  in  this  country.  In  1868  he  moved  to  Phoenixville,  Pa., 
where  with  Thomas  Curtis  Clarke  and  others  he  formed  the  firm 
of  Kellogg,  Clarke  &  Company,  bridge  builders,  he  acting  as 
chief  engineer.  In  1884  this  firm  was  dissolved  and  was  suc- 
ceeded by  the  Phoenix  Bridge  Company,  of  which  Mr.  Bonzano 
was  made  vice-president  and  chief  engineer.  In  1893  he  resigned 
this  position  and  with  Mr.  Clarke  opened  an  office  in  New  York 
as  consulting  engineers.  After  his  partner's  death  in  1898,  Mr. 
Bonzano  retired  from  active  business  to  devote  himself  to  the  in- 
vention of  railroad  and  other  appliances.  The  Pecos  viaduct  on 
the  Southern  Pacific  Railroad  in  Texas,  the  Kinzua  viaduct  on 
the  Erie  Railroad,  and  the  Chesapeake  &  Ohio  bridge  at  Cincin- 
nati are  among  the  more  notable  examples  of  his  work.  He  died 
May  5,  1913. 

HORATIO   A.    FOSTER 

Horatio  A.  Foster  was  born  at  Bustleton,  Philadelphia,  Pa., 
Januarj^  12,  1858.  His  engineering  training  began  in  the  fall  of 
1884  with  the  Daft  Electric  Company,  Greenville,  N.  J. ;  the 
next  year  he  went  to  Baltimore  to  electrify  a  short  branch  of  the 
Baltimore  Union  Passenger  Railway  Company.  In  1886  he  en- 
tered the  shops  of  the  Thomson-Houston  Electric  Company  at 
Lynn,  Mass.,  and  in  September  1888  was  appointed  superintend- 
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ent  of  the  East  Iliver  Electric  Light  Company,  New  York,  re- 
maining with  that  company  till  July  1891.  He  was  then  ap- 
pointed an  expert  for  the  United  States  Census  office  to  compile 
data  on  the  electrical  industry  of  New  York  State.  In  May  1893 
he  accepted  a  position  in  the  editorial  department  of  Electric 
Power,  and  later  in  the  same  year  became  associated  with  Greorge 
Forbes,  electrical  engineer  of  the  Niagara  Falls  Power  Company, 
and  had  charge  of  his  New  York  office  for  about  a  year  and  a 
half.  In  1895  Mr.  Foster  joined  the  staff  of  the  Cataract  Con- 
struction Company  of  Niagara  Falls  as  testing  engineer.  After 
several  years  in  general  consulting  work  he  became  interested  in 
the  A'aluation  of  public  utilities,  studying  traffic  conditions  and 
other  matters  pertaining  to  public  service,  being  engaged  in  this 
work  with  J.  G.  White  &  Company  at  the  time  of  his  death, 
April  27,  1913. 

Mr.  Foster  was  the  author  of  the  Electrical  Engineers  Pocket- 
Book,  which  bears  his  name,  also  Valuation  of  Public  Utilities, 
and  he  had  frequently  contributed  to  the  technical  press.  He  was 
a  member  of  the  American  Institute  of  Electrical  Engineers,  the 
Engineers  Club  of  New  York,  and  the  Philadelphia  Arts  Club. 

PETER    KIRKEVAAG 

Peter  Kirkevaag  was  born  in  Christianssund,  Norway,  April 
1849,  and  in  1871,  after  finishing  an  apprenticeship,  he  went  to 
CJernumy  with  a  stipend  from  the  Norwegian  government.  He 
was  graduated  from  the  polytechnic  school  in  Langensalza,  Tur- 
ingen,  in  1874  and  was  afterwards  employed  as  draftsman  and 
engineer  in  Westphalia  until  1877,  following  which  he  was  in- 
spector for  three  years  for  the  Nordenfelth  gun  factory  in  Stock- 
holm, Sweden.  In  1881  he  came  to  the  ITnited  States,  where  he 
secured  employment  as  machinist  and  draftsman  with  Oliver 
Brothers  &  Phillips  and  A.  Garvison  &  Co.,  Pittsburgh,  Pa.  Two 
years  later  he  became  draftsman  and  superintendent  of  build- 
ings, foundations,  etc.,  for  the  Hartman  Steel  Company,  Beaver 
Falls.  Pa.,  and  this  same  year  saw  the  beginning  of  his  connec- 
tion with  William  Tod  &  Company,  Youngstown,  Ohio.  Thirty 
years  later  he  left  this  company  to  become  associated  with  the 
Brier  Hill  Steel  Company  of  the  same  town.  He  died  May  6, 
1913. 

HAROLD    SERRELL 

Harold  Serrell  was  born  in  Brooklyn,  N.  Y.,  August  26,  1852. 
Having  completed  his  education  at  Adelphi  Academy  in  1869, 
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he  entered  the  office  of  his  father,  Lemuel  AVright  Serrell,  patent 
attorney  and  expert  in  patent  causes,  with  wliom  he  was  asso- 
ciated under  the  firm  name  of  L.  W.  Serrell  &  Son.  After  his 
father's  death  in  1899,  he  carried  on  the  business  alone,  studying 
and  familiarizing  himself  with  machinery,  mechanical  devices 
and  the  arts  and  sciences  for  the  jn-ofessional  career  of  solicitor 
of  patents  and  mechanical  expert.  He  served  in  contested  cases 
as  mechanical  expert,  giving  testimony  both  in  court  and  before 
a  master  for  use  in  court.    He  died  February  26,  1913. 

OLIN    SCOTT 

Olin  Scott  was  born  February  27,  1832,  at  Bennington,  Vt., 
where  he  learned  the  trade  of  a  millwright.  In  1858  he  formed 
a  partnership  with  H.  S.  Brown  and  established  the  Bennington 
Machine  Works ;  in  1863  he  purchased  the  interests  of  his  partner 
and  in  1S6'1  purchased  and  combined  the  business  of  the  P^agle 
Foundry  and  Machine  Works.  Later  this  foundry  developed 
into  a  factory  for  the  manufacture  of  powder  mill  and  pulp  uiill 
machinery.  Before  the  use  of  nitro  powders  became  general,  the 
Bennington  Machine  Works  had  acquired  a  national  importance 
and  worldwide  reputation,  machines  from  its  shops  having  been 
shipped  to  every  continent  on  the  globe.  After  the  close  of  the 
Civil  War  Colonel  Scott  ceased  to  confine  his  energies  exclu- 
sively to  manufacturing  and  became  an  organizer  of  powder 
manufacturing  companies.  In  1869  he  built  the  Lake  Superior 
Powder  Mills  at  Marquette,  Wis.,  and  four  years  later  he  became 
superintendent  of  the  Laflin  and  Rand  Powder  Company  of  New 
York.  In  1882  he  organized  the  Ohio  Powder  Company  of 
Youngstown,  Ohio,  and  for  several  years  was  vice-president  of 
the  corporation.  He  also  organized  the  Pennsylvania  Powder 
Company  at  Scranton,  Pa.,  in  1884,  becoming  its  president. 
Three  years  later  he  disposed  of  his  interests  in  Ohio  and  Penn- 
sylvania and  became  a  consulting  engineer  for  the  Laflin  and 
Kand  Company  and  the  Dupont  Powder  Company  of  Wilming- 
ton, Del.,  a  position  he  retained  until  1894.  In  1892  he  became 
president  of  the  Lasher  Stocking  Company  and  operated  the 
property  until  its  comparatively  recent  disposition  to  the  Ver- 
mont Hosiery  and  Machinery  Company. 

Colonel  Scott  died  in  Bennington,  A])ril  28,  1913. 


ACCESSIONS  TO  THE   LIBRARY 

With  Comments  by  the  Librarian 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of  accessions  to  the 
ibraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request  from  Calvin  W.  Rice,  Secretary, 
Am.  Soc.  M.  E. 

Academy   Architecture   and  Architectural   Review.     Cla.ssified  index  to 

vols.  1-21,  1889-1902.     London,  1902. 
American  Wood  Preservers'  Association.     Proc.  9th  annual  meeting,  1913. 

Baltimore,  1913.     Gift  of  as.sociation. 
Asphalt  Construction  for  Pavements  and  Highways,  Clifford  Richardson, 

1913. 
Association  of  Railway  Electrical  Engineers.    Proc.  vol.  5,  1912.    Chicago, 

1912.  Gift  of  association. 

British  Fire  Prevention  Committee.    Journal  no.  10,  1913.    London,  1913. 
Cassier's  Magazine   (London).     Oil  Power  Number,   March  1913.     London, 

1913.  Gift  of  W.  R.  Haynie. 

Celluloid  Dangers  with  Some  Suggestions.  British  Fu-e  Prevention  Com- 
mittee, no.  179.    London,  1913. 

Connecticut.  Bureau  of  Labor  Statistics.  25th  Report,  1912.  Hartford, 
1912.     Gift  of  bureau. 

Conservation  of  Water  Powers,  R.  G.  Brown.     Washington,  1913. 

Dictionary  of  Automobile  Terms,  A.  L.  Clough.     Nexo  York,  1913. 

Diesel  Liquid  Fuel  Engine,  W.  J.  Dyer.  Before  Hawaiian  Engineering 
Association.     Honolulu,  1913.    Gift  of  author. 

The  Engineer's  Yearbook  for  1913,  H.  R.  Kempe.    London,  1913. 

Gas  Engine  in  Modern  Blast  Furnace  and  Steel  Plants,  Heinrich  J. 
Freyn.     Gift  of  author. 

Gasoline  Automobile,  Its  Design  and  Construction,  P.  M.  Heldt.  vol.  2. 
Transmission,  running  gear  and  control.     Neiv  York,  1913. 

Industrie  und  Ingenieurwerke  in  Mittel  und  Niederschlesien.  Fest- 
schrift zur  52  Hauptversammlung  des  Vereines  deutscher  Ingenieure  in 
Breslau  June  10-14,  1911.  Breslau,  1911.  Gift  of  Verein  deutscher  In- 
genieure. 

Investigation  of  the  conditions  governing  thr  choice  of  a  Proper  Qual- 
ity Standard  for  artificial  gas  with  conclusion  and  recommendation  of  the 
Joint  Committee  on  Calorimetry  of  the  Pubhc  Service  Commission  and  Gas 
Corporations  in  the  Second  Pubhc  Service  District  New  York  State.  Gift 
of  Empire  State  Gas  and  Electric  Association. 

Leland  Stanford  Junior  University.    Register  1912-1913.    Gift  of  university. 

Light:  Its  Use  and  Misuse.     A  primer  of  illumination  prepared  under  the 
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direction  of  the  Illuminating  Engineering  Society.     New  York,  1912.     Gift 

of  Calvin  W.  Rice. 
Lowell  Textile  School.    Bull.  1913-1914.    Lowell,  1913.    Gift  of  school. 
Die  Maschinen-Getriebe,  Wilh.  Hartmann.    vol.  1.    Stuttgart,  1913. 
Mecanique,  Electricity  et  Construction  Appliqu^ies  aux  Appareils  de 

Levage,  Louis  Rousselet.    vols.  1  and  2.    Paris,  1908,  1913.    Gift  of  Hunt 

Memorial  Fund. 
Milwaukee,  Wis.  Smoke  Inspector.    Annual  Report  1912.    1912. 
Monthly  Official  Railway  List,  May  1913.     Chicago,  1913. 
New  York  State  Charities  Aid  Association.     Annual  Report  1912.     New 

York  City,  1912.     Gift  of  association. 
Ohio  University.    Catalogue  1913-1914.     Athens,  1913.     Gift  of  university. 
Principles  of  Irrigation  Engineering,  F    H.  Newell  and  D.  W.  Murphy. 

New  York,  1918. 
Purification  of  New  York  Harbor,  G.  A.  Soper.    Reprinted  from  the  Medical 

Record,  May  17,  1913.     New  York.     Gift  of  author. 
Rhode  Island.    Public  Utilities  Commission .    Annual  Report  1912.    Providence, 

1913.    Gift  of  commission. 
Schweizerischer  Ingenieur  und  Architektenverein.     Staats  und  Handels- 

wissenschaftUcher    Kurs,    1913.      Gift    of    Schweizerischer    Ingenieur    und 

Architektenverein . 
Specifications  for  Street  Roadway  Pavements,  S.  Whinery.     ed.  2.     Neiv 

York,  1913. 
Stone  &  Webster  Engineering  Corporation.     Brief  data  regarding  various 

water  power  plants.     Boston.    Gift  of  Calvin  W.  Rice. 
Street  Railway  Journal.    Advertisements,  vols.  7-32.    New  York,  1891-1908. 

Gift  of  H.  W.  Blake. 
Technischen   Staatslehranstalten   in   Chemnitz.     Reiseberichte    uber  das 

technische  und  gewerbliche  schulwesen  Nordamerikas.    Abhandlungen  und 

Berichte  February   1913.     Chemnitz,   1913.     Ciift  of  Technischen    Staats- 

lehranstalten  in  Chemnitz. 
Treatise  on  Hydraulics,  W.  C.  Unwin.    ed.  2.    London,  A.  &  C.  Black,  1912 

Gift  of  author. 

The  first  edition  was  published  in  1907.      This  second  edition  lias  added  a  short  summary  of 
more  reeent  researches  on  the  measurement  of  flow. 

U.  S.  Interstate  Commerce  Commission.    2r)th  Annual  Report.     Washington, 

1913.     Gift  of  commission. 
University   Business   Administration,    J.    C.    Christenscn.      1912.      Gift   of 

author. 
Visit  to  Germany  of  the  American  Society  of  Mechanicai-  Engineers  on 

the  Invitation  of  the  Verein  deutscher  Ingenieure,   1913.     Gift  of 

Verein  deutscher  Ingenieure. 
Die  Wasserkrafte  ihr  Ausbau  und  ihre  wirtschaftliche  Ausnutzung, 

Adolf  Ludin.    vols.  1-2.    Berlin,  1913. 
Zeitschriften    der    gesamten    Eisenbetonliteratur    1912,    A.    Fitzinger. 

Berlin,  1913. 

EXCHANGES 

Deutschen   Museums.     Verwaltungs-Bericht   iiber  das  neunte   Geschaftsjahr 

1911-1912.    Munchen,  1912. 
Liverpool  Engineering  Society.     Trans.,  vol.  33.     Liverpool,  1912. 
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Municipal  Engineers  of  the  City  of  New  York.     Proc.  1912.    New  York, 

1913. 
Society  of  Naval  Architects  and  Marine  Engineers.    Trans,    vol.  20,  1912. 

New  York,  1913. 

UNITED  ENGINEERING  SOCIETY 

Kansas  Gas  and  Electric  Light  Street  Railway  and  Water  Association. 

List  of  Members.    1913.    Gift  of  association. 
Library  of  Congress.     Classification.     Class  Q,  Science.     Washington,  1913. 

Gift  of  library. 
New  York  Public  Library.     List  of  Works  relating  to   Electric  Welding. 

New  York,  1913.    Gift  of  W.  B.  Gamble. 
Report  of  the  Committee  appointed  pursuant  to  House  resolutions  429 

AND  504  to  investigate  the  Concentration  of  Control  of  Money  and 

Credit.     February  28,  1913.     Gift  of  House. 

TRADE    CATALOGUES 

Bristol  Company,  Waterbury,  Conn.  Bull.  143,  Recording  differential  pressure 
gages  and  recording  flow-rate  meters,  April  1913;  Bull.  170,  Patent  electric 
furnaces  for  soldering  coppers,  April  1913;  Cat.  173,  Recording  differential 
pressure  gages  and  recording  flow-rate  meters.  Float  type,  model  1010, 
April  1913;  Cat.  1300,  Bristol's  Class  III  frecording  thermometers,  April 
1913. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  III.  Bull.  34L,  General  pneumatic 
engineering  information,  April  1913;  Bull.  128,  Miscellaneous  equipment 
for  pneumatic  drills,  April  1913;  Bull.  132,  Pneumatic  motors  and  pneu- 
matic geared  hoists,  April  1913;  Bull.  138,  Cylinder  air  hoists  and  jackets, 
April  1913. 

Holophane  Works,  Cleveland,  Ohio.    Bull.  28,  Decorative  shades,  March  1913. 

Johns-Manville  Co.,  Cleveland,  Ohio.    J-M  Power  Expert,  May  1913. 

Westinghouse-Church-Kerr  &  Co.,  New  York,  N.  Y.  Work  done  (no.  5), 
railroad  shop  edition,  47  pp. 

North  Western  Expanded  Metal  Co.,  Chicago,  III.  Expanded  metal  con- 
struction, June  1913. 


EMPLOYMENT  BULLETIN 

Tho  Society  considers  it  a  special  obligation  and  pleasant  duty  to  lie  tlio  medium 
of  securing  positions  for  its  memtoers.  The  Secretary  gives  tliis  his  personal  atten- 
tion and  is  pleased  to  receive  requests  both  for  positions  and  for  men.  Notices  are 
not  repeat<>d  except  upon  special  request.  Names  and  records,  however,  are  kept 
on  the  current  office  list  three  months,  and  if  desired  must  be  renewed  at  the  end  of 
such  period.  Cop.V  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  pulilished  list  of  "  men  available  "  is  made  up  from  members  of  the  Society. 
I'\irther   inforniati()n   will   be   sent   upon  application. 

POSITIONS    AVAILABLE 

GOl  First  class  automobile  engiueer  or  designer  for  Indianapolis  con- 
cern. Familiar  with  latest  pleasure  car  construction.  Must  have  had  .sev- 
eral years'  experience  in  engineering  department  of  established  automobile 
concern. 

603  New  York  concern  wants  draftsman  for  heating,  ventilating  and 
piping  work.     Salary  $20-$25. 

(;(>4  Head  draftsman  thoroughly  familiar  with  construction  of  cranes 
and  hoists,  both  hand  and  power  and  electric.  Must  be  man  of  executive 
aliility  and  capable  of  taking  contract  through. 

t!05  Head  of  engineering  deiiartment  for  concern  manufacturing  boilers, 
engines,  tanks  and  water-heaters.  Salary  ranging  from  two  to  three  thou- 
sand dollars  a  year.      Location  Dayton.  Ohio. 

606  Wanted  by  agricultural  machinery  works  In  Middle  \yest,  employ- 
ing 700  men,  rate  setter  qtialified  by  thorough  experience  in  nnichine  shop 
t(j  figure  accurately  allowed  times  on  various  operations,  both  wood  and 
metal  work.  Practical  man  preferred.  Must  lie  broad  minded  and  deal 
fairly  with  men,  yet  safeguard  interests  of  the  management.  IVisition  one 
of  importance  and  responsibility. 

607  Wanted  a  rate  setter,  a  man  who  can  operate  all  kinds  of  machine 
tools,  especially  turret  lathes,  millers,  and  grinders,  and  has  had  experi- 
ence making  time  studies  for  piece-rate  .setting.     Location  New  York  State. 

MEN    AVAILABLE 
130     .Tuni(n'  member,  A.B.  Yale,  M.E.  Columbia,  would  like  to  associate 
with  engineer  or  Arm  making  specialty  of  design  and  construction  of  in- 
dustrial plants.      Experienced  as  sttperinteudent  of  construction,  assistant 
to  works  manager,  etc. 

140  Member,  Junior  grade.  Cornell  graduate,  with  three  years'  experi- 
ence in  large  pul)lic  service  corporation.     Available  al»out  Augtist  first. 

141  Member,  technical  graduate,  three  years'  experience  as  instructor  in 
mechanical  engineering,  eight  years'  experience  as  draftsman,  head  drafts- 
man, assistant  superintendent  and  sales  engineer  with  responsible  engine 
building  concerns,  would  consider  position  as  instructor  in  reputable  In- 
stitution. 

142  Member,  techni<-al  graduate,  desires  position  as  sales  engineer  with 
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hiyii  class  c-oneeni.  lias  hail  wide  experience  as  dral'tsiuaii,  liead  drafts- 
man, assistant  superintendent  and  sales  engineer  witii  reputable  engine 
builders. 

14.S  Member  desires  change  of  location.  Graduate  mechanical  engineer 
with  twenty  years'  experience  in  the  design  aud  manufacture  of  gasoline, 
steam,  and  electric  locomotives,  gas  engines ;  good  organizer  and  up-to-date 
in  modern  shop  management.  I'refers  position  as  superintendent  or  assist- 
ant east  of  Mississippi  Kiver. 

144  Graduate  in  mechanical  engineering;  experience  in  design  and  con- 
struction and  testing  of  boilers. 

145  Jmiior,  technical  graduate,  nine  years"  experience  in  power  plant 
and  factory  work,  desires  position  as  assistant  to  works  engineer  or  man- 
ager; or  teaching  in  steam  and  experimental  engineering. 

140  ;Mechauical  engineer,  29,  graduate  M.  I.  T.,  excellent  experience  in  de- 
sign of  industrial  plants  and  mechanical  equipment  of  buildings,  desires 
permanent  connection  with  firm  of  consulting  or  mill  engineers  or  position 
as  plant  engineer.      Location  in  or  near  New  York. 

147  Member,  mechanical  engineer  and  expert  machinist,  with  ten  years' 
experience  in  manual,  industrial  and  vocational  education,  desires  executive 
position  along  this  line ;  best  references. 

148  Member  desires  new  connection  as  chief  engineer  and  factory  archi- 
tect or  chief  construction  engineer.  Successful  designer  of  large  manu- 
facturing plants  and  special  machinery,  including  structural  steel,  rein- 
forced concrete,  power  plants,  heating,  ventilation  and  refrigeration.  For 
several  years  head  of  department  of  mechanical  engineering  in  large  college 
and  is  open  for  similar  position  at  good  institution. 

140  A  mechanical  engineer,  with  nine  years'  experience  with  engine 
works  and  twelve  years  as  dean  of  a  prominent  college  of  mechanical  and 
electrical  engineering,  has  been  granted  a  leave  of  absence  for  the  coming 
year  and  would  like  to  become  associated  for  the  next  twelve  or  fourteen 
months  with  some  reputable  firm  of  engineers. 

150  Member,  graduate  of  Stevens  Institute  and  post-graduate  Cornell, 
at  present  dean  of  engineering  and  professor  of  mechanical  engineering  in 
Western  college,  desires  to  make  a  change. 

151  Member,  siiecialist  in  steam  turbines,  desires  to  make  connection 
with  firm  for  the  manufacture  of  fully  developed  and  tested  cheap  commer- 
cial turbine,  suitable  for  sizes  up  to  KMJO  h.p.,  condensing  as  well  as  non- 
condensing  operation. 

152  Manufacturing  accountant  and  practical  shop  man,  18  years'  experi- 
ence with  best  accounting  and  shop  practice  connected  with  steel  and  roll- 
ing mills,  iron,  steel  and  brass  foundries,  bridge  and  .structiu*al  shops,  ship 
yards  machine  shops,  woodworking  shops,  etc..  familiar  with  manufacture 
of  internal  combustion  engines,  stationary  and  tractor;  steam  and  power 
]iuniiis,  threshing  machinery  and  electrical  machinery,  etc.:  competent  to 
handle  factory  reorganization  work  of  large  and  small  companies. 

15;]  Mechanical  engineer  with  several  years'  exi)erience.  located  in  manu- 
facturing district  of  Eastern  Pennsylvania,  would  like  to  hear  from  engi- 
neers or  manufacturers  who  desire  special  opportunities  for  sales  investiga- 
tions without   the  necessity  of  sending  own'  representatives. 

154     Member,  at  present  with  large  ball  and  and  roller  bearing  concern. 
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as  engineer  in  ctiarge  of  automatic  machinery,  wishes  to  connect  with  some 
reliable  concern  manufacturing  fine  interchangeable  parts  or  machines ; 
high  class  executive,  with  14  years'  experience  in  the  use  and  design  of 
automatic  machinery  and  standard  machines  of  this  class. 

155  Mechanical  engineer  salesman  in  Cuba,  Hawaii  or  South  America  ; 
valuable  experience  in  the  producer  gas  power  field  as  an  inventor,  de- 
signer, engineer  and  salesman ;  speaks  Spanish. 

156  Associate,  age  35,  with  17  years'  broad  experience  in  drawing-rooms 
on  civil,  structural  and  mechanical  work,  desires  a  position  of  some  re- 
sponsibility, in  or  near  Philadelphia.  Experience  on  furnaces,  steel  plants, 
mill  work,  power  plants,  chemical  apparatus,  gas  plants,  coke  ovens,  etc. 

157  Member,  at  present  employed,  is  years'  varied  experience  in  design 
and  construction  of  machinery  and  buildings,  remodeling,  maintenance  and 
operation  of  large  industrial  plants  and  equipment,  systematizing  of  shops 
and  pi'ocesses  along  the  lines  of  scientific  management,  testing  and  general 
plant  engineering ;  accustomed  to  handling  men,  drawing  up  contracts,  pur- 
chasing equipment  and  material,  appraising  properties ;  desires  to  become 
identified  with  manufacturing  or  industrial  plant  of  prominence  in  admin- 
istrative or  executive  position  of  responsibility. 

158  Graduate  mechanical  engineer  (Stevens),  23  years  of  age,  desires 
position  with  good  prospects  of  advancement.  Has  had  one  year's  experi- 
ence in  full  charge  of  general  construction  work,  ordering  all  material, 
handling  correspondence,  and.  chectcing  accounts,  installation  of  safety  de- 
vices.    Excellent  references.     At  present  employed. 

159  Business  manager,  40.  Twenty  years'  experience,  comprising  ex- 
perimentation, designing,  selling,  works  management,  factory  building  and 
organization.  Technical  gradute.  Has  been  engaged  for  two  years  in 
business  other  than  manufacturing,  but  desires  to  re-enter  engineering  field 
as  executive  or  engineering  representative. 

160  Mechanical  engineer,  technical  education,  30  years  of  age.  10  years' 
practical  experience,  in  design,  construction,  operation,  maintenance  and 
reorganization  of  mill,  factory,  and  other  manufacturing  properties.  Wide 
experience  in  the  superintendence  of  central  power  stations,  factory  exten- 
sion, mill  and  reinforced  concrete  construction  work.  Desires  position  of 
mechanical  superintendent  or  master  mechanic.  Particularly  experienced 
in  practical  efficiency  work.      At  i)resent  employed. 

161  Technical  graduate  of  an  Eastern  school,  age  2(1  years,  would  like  to 
engage  in  cost  and  efficiency  work.  Experience  consists  of  work  in  the 
shops  as  well  as  along  commercial  lines.    Employed  at  present. 

162  Member,  mechanical  engineei*.  desires  to  hear  from  manufacturers  of 
power  plant  equipment  and  specialties  who  desire  a  representative  in  Pitts- 
burg and  vicinity.  Would  like  to  represent  some  home  manufacturing 
engines,  boilers,  conveying  apparatus  or  supplies;  has  been  for  fifteen  years 
the  expert  in  large  steel  manufacturing  plants,  listing  all  power  machinery 
and  acting  in  an  advisory  capacity  in  matters  relating  to  improvement  of 
power. 

163  Member,  38  years  of  age,  Cornell  M.E.,  married.  Wide  Experience  in 
design,  construction  and  erection  of  power  plant  machinery,  including  con- 
struction of  boilers,  engines,  pUmps,  condensers,  etc.  At  present  engaged  in 
general  consulting  work  in  power  plant  design  and  installation  and  mill 
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buiJdiiij;,  and  I'ur  the  past  three  years  in  j^'cneral  ehart^e  of  testing  work 
Cor  one  of  tlie  hirgest  electric  light  power  plants  in  the  East.  Would  be 
willing  to  accept  resi)onsible  iiosition  reciuiring  full  time. 

104  Junior  member,  28  years  of  age.  Cornell  M.E.,  four  yeax'S'  practical 
experience  in  design  and  construction  of  steam  turbines,  patent  office  woi'k, 
street  railway,  etc.  Desires  position  as  assistant  to  e.vecutive,  or  as  works 
manager  or  factory  manager,  or  would  accept  a  position  which  would  lead 
to  one  of  these. 

165  Technical  graduate  in  mechanical  engineering,  with  master's  de- 
gree, age  27,  four  and  one-half  years'  practical  experience,  partly  drafting 
and  designing,  mostly  experimental  work  with  steam  and  gas  tractors,  de- 
sires a  position  with  a  company  manufacturing  power  farming  machinery. 

166  Member,  age  4o,  holding  M.M.E.  degree  from  Cornell  University, 
varied  experience  in  teaching,  designing,  consti'uction  and  operation.  Espe- 
cially qualified  to  manage  an  industrial  plant  or  hold  a  position  of  economic 
engineer.  For  the  past  two  years  has  managed  successfully  a  small  elec- 
trical supply  house. 

167  Sales  manager  and  engineer,  with  10  years'  experience  selling  steam 
power  plant  apparatus  in  New  York  district,  desires  position  where  ac- 
quaintance among  engineers  and  architects,  heating  and  electrical  con- 
tractors would  be  of  advantage. 

168  (Jraduate  mechanical  engineer,  5  years'  experience  in  steam  pump 
and  air  compressor  work,  also  high  speed  automatic  engine  and  boiler  de- 
sign, desires  supervisory  position  with  a  manufacturing  concern  or  a  firm 
of  consulting  engineers.  At  present  employed  as  chief  engineer  of  a  large 
engine  and  boiler  shop. 

16'J  Meml>er,  age  35,  also  member  of  two  British  societies,  college  edu- 
cation, medallist,  15  years'  varied  experience  in  gas,  electrical,  general  me- 
chanical and  automobile  engineering,  works  management,  accustomed  to 
responsible  positions  and  control  of  large  staff,  seeks  responsible  post. 
Good  references. 

170  Member.  47.  graduate  M.  I.  T.,  exi)erienced  as  sales  manager  and 
executive  with  large  manufacturing  corporations,  wants  position  in  sales 
or  publicity  department  of  some  company  convenient  to  New  York  and  Con- 
necticut. Capable  of  taking  entire  charge  large  selling  force,  organizing 
and  conducting  publicity  campaigns  or  acting  as  assistant  to  chief  execu- 
tive; has  made  special  study  of  scientific  employment  methods  and  indi- 
vidual productive  efficiency.  At  present  with  well  known  corporation,  but 
future  possibilities  too  limited. 

171  Member,  specialist  in  scientific  employment  and  personal  efficiency 
methods,  wants  position  with  Eastern  manufacturing  concern  having  an 
annual  pay-roll  of  not  less  than  $.500,000,  in  which  definite  results  will 
assure  a  permanent  affiliation  with  adequate  salary. 

172  Mechanical  engineer  with  practical  machine  shop  experience,  tech- 
nical education,  three  years'  experience  in  elevating,  conveying,  mine  and 
power  transmission  machinery,  desires  position  as  sales  engineer  with  firm 
or  representative  located  in  Pittsburgh. 

173  Young  engineer,  graduate  Stevens  Institute  of  Technologj^  experi- 
ence in  electrical  engineering  in  consulting  engineer's  oflBce.  Desires  to 
change  for  prospect  of  advanced  work  in  mechanical  lines. 


OFFICERS  AND   COUNCIL 


President 

W.  F.  M.  Goss 


Vice-Presidents 


Terms  expire  1913 

Wm.  F.  Durand 
Ira  N.  Hollis 
Thos.  B.  Stearns 


Terms  expire  1914 

James  Hartness 
i.  e.  moultrop 
H.  G.  Stott 


Terms  expire  1913 

D.  F.  Crawford 
Stanley  G.  Flagg,  Jr. 

E.  B.  Katte 


Managers 

Terms  expire  1914 

Chas.  J.  Davidson 
Henry  Hess 
Geo.  a.  Orrok 


Terms  expire  1915 

W.  B.  Jackson 
H.  M.  Leland 
Alfred  Noble 


M.  L.  Holman 
Jesse  M.  Smith 


Past-Presidents 

Members  of  the  Council  for  1913 

Alex.  C.  Humphreys 


George  Westinghouse 
E.  D.  Meier 


Cliairman  of  Finance  Committee 

Robert  M.  Dixon 


William  H.  Wiley 


Honorary  Secretary 

F.  R.  Hutton 


Secretary 

Calvin  W.  Rice 


Executive  Committee  of  the  Council 

W.  F.  M.  Goss,  Chmn.  E.  D.  Meier 

Alex.  C.  Humphreys,  V-Chmn.  Geo.. A.  Orrok 

E.  B.  Katte  H.  G.  Stott 
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STANDING   COMMITTEES 


Meetings 


Publication 


R.  M.  Dixon  (1),  Chmn. 
W.  H.  Marshall  (2) 

H.  L.  DOHERTY  (3) 

W.  L.  Saunders  (4) 
W.  D.  Sargent  (5) 


H.  DE  B.  Parsons  (1),  Chmn. 
L.  P.  Alford  (2) 

H.  E.  LONGWELL  (3) 

H.  L.  Gantt  (4) 
R.  H.  Fernald  (5) 


G.  I.  ROCKWOOD  (1) 

Chmn. 
G.  M.  Basford  (2) 
C.  I.  Earll  (3) 

I.  E.  MOULTROP  (4) 

F.  R.  Low  (5) 


Membership  Library  F 

HosEA  Webster  {l),Chmn.  L.  Waldo  (4),  Chmn. 
Theodore  Stebbins  (2)       C.  L.  Clarke  (1) 
W.  H.  BoEHM  (3)  Alfred  Noble  (2) 

H.  C.  Meyer,  Jr.  (4)  W.M.McFarland(3) 

L.  R.  Pomeroy  (5)  The  Secretary 


R.  H.  Rice  (4),  Chmn. 
L.  S.  Marks  (1) 
A.  L.  De  Leeuw  (2) 
R.  C.  Carpenter  (3) 
R.  D.  Mershon  (5) 


House 

E.  Van  Winkle  (1),  Chmn. 
H.  R.  Cobleigh  (2) 

S.  D.  COLLETT  (3) 

W.  N.  Dickinson  (4) 

F.  A.  SCHEFFLER  (5) 


Public  Relations 

J.  M.  Dodge  (3),  Chmn. 
J.  W.  LiEB,  Jr.  (1) 

F.  J.  Miller  (2) 
W.  R.  Warner  (4) 

G.  M.  Brill  (5) 


SOCIETY  REPRESENTATIVES 


Engineering  Education 

A.  C.  Humphreys 
F.  W.  Taylor 


General  Conference  Commit-  Council  of  A.   A.  A.   S. 

tee  of  National  Engineering  .      ^,    ^, 

Societies  A.  C.  HUMPHREYS 

C.  W.  Baker  W.  B.  Jackson 
E.  D.  Meier 


John  Fritz  Medal 


H.  R.  TowNE  (1) 
J.  A.  Brashear  (2) 
F.  R.  HuTTON  (3) 
J.  R.  Freeman  (4) 


Trustees  U.  E.  S. 


A.  C.  Humphreys  (1) 
F.  J.  Miller  (2) 
Jesse  M.  Smith  (3) 


SPECIAL  COMMITTEES 


Research     Committee,     Sub-       Power  Tests 


Committee  on  Steam 

R.  H.  Rice,  Chmn. 
C.  J.  Bacon 
E.  J.  Berg 
W.  D.  Ennis 
L.  S.  Marks 
J.  F.  M.  Patitz 


D.  S.  Jacobus,  Chmn. 
G.  H.  Barrus,  F-C/iTOn. 

E.  T.  Adams 

L.  P.  Breckenridge 
William  Kent 
E.  F.  Miller 
Arthur  West 
A.  C.  Wood 


Student  Branches 


F.  R.  Hutton,  Chynn. 
Wm.  Kent 
Geo.  a.  Orrok 


Research  Committee.  Sub- 
Committee  on  Materials  of 
Electrical  Engineering 


R.  D.  Mershon 


Note — Numbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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SPECIAL  COMMITTI^E^— Continued 


Refrigeration 

D.  S.  Jacobus,  Chmn. 
P.  De  C.  Ball 

E.  F.  Miller 

A.  P.  Trautwein 

G.  T.  VOORHEES 


Involute  Gears 

Wilfred  Lewis,  Chmn. 
Hugo  Bilgram 
E.  R.  Fellows 
C.  R.  Gabriel 
C.  G.  Lanza 


Committee  on  Bureau  of  In- 
formation  Respecting  En- 
gineering Standards  in  all 
Countries 

Henry  Hess,  Chmn. 
J.  H.  Barr 
Charles  Day 
C.  J.  Davidson 
Carl  Schwartz 


standard   Cross-Section 
Symbols 

H.  deB.  PARSONS,C/iwn. 
F.  deR.  Furman 
A.  E.  Norton 
Bradley  Stoughton 
John  W.  Upp 


Flanges 

H.  G.  Stott,  Chmn. 

A.  C.  Ashton 

A.  R.  Baylis 

W.  M.  McFarland 

Wm.  Schwanhausser 

J.  P.  Sparrow 


Code  of  Ethics 

C.  W.  Baker,  Chmn. 
C.  T.  Main 
E.  D.  Meier 
Spencer  Miller 
C.  R.  Richards 


Conference    Committee    on 
Engineering  Standards 

H.  G.  Stott,  Chmn. 
A.  F.  Ganz 
Carl  Schwartz 


Conservation 

G.  F.  Swain,  Chmn. 
C.  W.  Baker 
L.  D.  Burlingame 
M.  L.  Holman 
Calvin  W.  Rice 


Committee   on   National 
Museum 

E.  D.  Meier,  Chinn. 
G.  F.  KuNz 
George  Mesta 
H.  G.  Reist 
Ambrose  Swasey 


standardization  of  Catalogues 

Wm.  Kent,  Chmn. 
J.  R.  Bibbins 
M.  L.  Cooke 
W.  B.  Snow 


Pipe  Threads 

E.  M.  Herr,  Ch7nn. 

W.  J.  Baldwin 

L.  V.  Benet,  Paris 

Representative 

G.  M.  Bond 

S.  G.  Flagg,  Jr. 


Increase  of  Membership 

I.  E.  MouLTROP,  Chmn. 

F.  H.  Colvin 

H.  V.  O.  Goes 

J.  V.  V.  Colwell 

R.  M.  Dixon 

W.  R.  Dunn 

J.  P. Ilsley 

E.  B.  Katte 

R.  B.  Sheridan 

H.  Struckmann 


Tolerances  in  Screw  Thread 
Fits 

L.  D.  Burlingame, 

Chmn. 
Elwood  Burdsall 
f.  g.  coburn 

F.  H.  CoLVIN 

A.  A.  Fuller 
James  Hartness 
H.  M.  Leland 
W.  R.  Porter 
F.  O.  Wells 


Research     Committee.       Sub- 
Committee  on  Safety  Valves 

P.  G.  Darling,  Chmn 
H.  D.  Gordon 

E.  F.  Miller 

F.  L.  Pryor 
F.  M.  Whyte 


Committee  to  Formulate 
Standard  Specifications  for 
the  Construction  of  Steam 
Boilers  and  other  Pressure 
Vessels  and  for  Care  of 
Same   in    Service 

J.  A.  Stevens,  Chmn. 
W.  H.  Boehm 
R.  C.  Carpenter 
Richard  Hammond 
C.  L.  Huston 
H.  C.  Meinholtz 
E.  F.  Miller 


Changes   In   the  Patent   Laws 
of  U.  S 

W.  H.  Blauvelt 
B.  F.  Wood 
Carl  Thomas 
Edward  Weston 

W.  E.  WiNSHIP 


Standardization  of  Filters 

G.  W.  Fuller,  Chmn. 
Jas.  C.  Boyd 
P.  N.  Engel 
J.  C.  W.  Greth 
Wm.  Schwanhausser 
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SPECIAL  COMMITTEES— Continued 


Committee   on    International 
Engineering    Congress     1915 

The  President 
The  Secretary 
w.  f.  durand 
R.  S.  Moore 
T.  W.  Ransom 
C.  R.  Weymouth 


Nominating  Committee 

John  R.  Freeman,  Chun. 
Chas.  T.  Main 
Thos.  Morrin 
Fred.  Sargent 
C.  C.  Thomas 


Chairmen  of  Sub-Committees  of  Com- 
mittee on   Increase  of  Membership 

Boston,  A.  L.  Williston 
Buffalo,  W.  H.  Carrier 
Chicago,  Fay  Woodmansee 
Cincinnati,  J.  T.  Faig 
Detroit,  H.  W.  Alden 
New  York,  J.  A.  Kinkead 
Philadelphia,  T.  C.  McBride 
St.  Louis,  John  Hunter 
St.  Paul,  Max  Toltz 
San  Francisco,  Thomas  Morrin 
Seattle,  R.  M.  Dyer 

Society  History 

J.  E.  Sweet,  Chmn. 
F.  R.  Button,  Secy. 
H. H.  Suplee 


SUB-COMMITTEES  OF  THE  COMMITTEE  ON  MEETINGS 


Cement  Manufacture 

J.  G.  Bergquist,  Chvin. 

H.  J.  Seaman,  V-Chmn. 

G.  S.  Brown 

W.  R.  Dunn 

F.  W.  Kelley 

Morris  Kind 

F.  H.  Lewis 

W.  H.  Mason 

R.  K  Meade 

Ejnar  Posselt 

H.  Struckmann 

A.  C.  Tagge 

P.  H.  Wilson 

Machine  Shop  Practice 

F.  H.  CoLviN,  Chmn. 

E.  P.  Bullard 

L.  D.  Burlingame 
W.  L.  Clark 
A.  L.  DeLeeuw 
W.  H.  Diefendorf 

F.  L.  Eberhardt 
F.  A.  Errington 
A.  J.  Fuller 

H.  D.  Gordon 
H.  K.  Hathaway 
Alex.  Kearney 
Wm  Lodge 
F.  E.  Rogers 
N.  E.  Zusi 

Textiles 

C.  T.  Plunkett,  Chmn. 
E.  W.  Thomas,  Secy. 

D.  M.  Bates 
John  Eccles 

E.  D.  France 

E.  F.  Greene 

F.  W.  HOBBS 

C.  R.  Makepeace 
C.  H.  Manning 
H.  F.  Mansfield 


Iron  and  Steel 

Jos.  Morgan,  Chmn. 
Thos.  Towne,  Secy. 
W.  P.  Barba 
F.  F.  Beall 
Rogers  Birnie 
A.  L.  Colby 
Julian  Kennedy 
M.  T.  Lothrop 
W.  E.  Snyder 
J.  T.  Wallis 
R.  M.  Watt 


Depreciation    and 
Obsolescence 

Alex.  C.  Humphreys, 

Chmn. 
J.  G.  Bergquist 
C.  J.  Davidson 

A.  E.  FORSTALL 

F.  W.  Kelley 
H.  Struckmann 


Air  Machinery 

F.  W.  O'Neil,  Chmn. 
H.  V.  Conrad 
William  Prellwitz 
R.  H.  Rice 


Administration 

J.  M.  Dodge,  Chmn. 
L.  P.  Alford,  Secy. 
D.  M.  Bates 
John  Calder 
H.  A.  Evans 
James  Hartness 
W.  B.  Tardy 
Alexander  Taylor 
H.  H.  Vaughan 
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Industrial  Building 

F.  A.  Waldron,  Chmn. 
H.  A.  Burnham 
Charles  Day 
William  Dalton 
J.  O.  DeWolf 
C.  T.  Main 


E.  B.  Katte,  Chm,n. 
G.  M.  Basford 
W.  G.  Besler 
A.  H.  Ehle 
T.  N.  Ely 
W.  F.  M.  Goss 
A.  L.  Humphreys 
W.  F.  Kiesel 
W.  B.  Potter 
N. W.  Storer 
H.  H.  Vaughan 
R.  V.  Wright 

Fire  Protection 

J.  R.  Freeman,  Chmn. 

E.  V.  French,  V-Chmn. 
Albert  Blauvelt 

F.  M.  Griswold 
H.  F.  J.  Porter 
T.  W.  Ransom 

I.  H.  WOOLSON 
Hoisting  and  Conveying 

R.  B.  Sheridan,  Chmn. 
C.  K.  Baldwin 
Alex.  C.  Brown 
O.  G.  Dale 

P.  J.  FiCKINGER 

f.  e.  hulett 
Spencer  Miller 
A.  L.  Roberts 
Harry  Sawyer 


GEOGRAPHICAL  SECTIONS  OF  THE   SOCIETY 


Milwaukee 

Fred  H.  DoRNER,C/iTOn 
M.  A.  Beck 

Arthur  Simon 
Henry  Weickel 

E.  P.  WORDEN 


Cincinnati 

A.  L.  DeLeettw,  Chmn. 
J.  T.  Faig,  Secy. 
W.  G.  Franz 
G.  W.  Galbraith 
L.  H.  Thttllen 


San  Francisco 


E.  L.  Ohle,  Chmn. 

F.  E.  Bausch,  Secy. 
F.  N.  Jewett 
John  Hunter 

L.  C.  Nordmeyer 


A.  M.  Hunt,  China. 
T.  W.  Ransom,  Secy. 

W..F.  DURAND 

E.  C.  Jones 
Thos.  Morrin 


LOCAL  MEETINGS  OF.  THE   SOCIETY 


New  York 


Chicago 


Henry  BARTLETT,C/i7rm.  F.  A.  Waldron,  Chmn.  P.  P.  Bird 

R.  E.  Curtis,  Secy.  Edward  Van  Winkle,  Secy.    C.  R.  Birdsey 

H.  N.  Dawes  R.  V.  Wright,  Treas.  ■  W.  B.  Jackson 

W.  G.  Snow  H.  R.  Cobleigh  A.  W.  Moseley 

A.  L.  Williston  J.  J.  Swan  C.  W.  Naylor 


Philadelphia 

A.  C.  Jackson,  Chmn. 
D.  R.  Yarn  ALL,  Secy. 
J.  E.  Gibson 
W.  C.  Kerr 
T.  C.  McBride 


New  Haven 

E.  S.  CooLEY,  Chmn. 

E.  H.  LocKWOOD,  Secy. 

F.  L.  BiGELOW 

L.  P.  Breckenridge 
H.  B.  Sargent 


OFFICERS  OF  THE   GAS  POWER  SECTION 


Chairman 

F.  R.  Hutton 

Gas   Power   Executive  Com- 
mittee 

C.  H.  Benjamin  (1) 
W.  H.  Blauvelt  (3) 
W.  D.  Ennis  (5) 
H.  J.  K.  Freyn  (1) 
F.  R.  Low  (2) 

I.  E.  MOULTROP  (4) 
H.  H.  SUPLEE  (1) 


Secretary 

Geo.  a.  Orrok 

Gas   Power   Literature   Com-       Gas  Power  Membership  Com- 


R.  B.  Bloemeke,  Chmn. 
A.  W.  H.  Griepe 
W.  F.  Monaghan 
W.  S.  Morrison 
S.  I.  Oesterreicher 
H.  G.  Wolfe 


A.  F.  Stillman,  Chmn. 
H.  V.  O.  Goes 
J.  H.  Lawrence 

F.  S.  King 

J.  H.  NORRIS 

G.  M.  S.  Tait 
J.  D.  Shaw 

H.  W.  Anderson 
C.  D.  Smith 


Gas  Power  Committee  on  Meetings 

Wm.  T.  Magruder,  Chmn.     E.  D.  Dreyfus  Nisbet  Latta 

W.  H.  Blauvelt  A.  H.  Goldingham  H.  B.  MacFarland 


OFFICERS  OF  AFFILIATED   SOCIETY 


Providence  Association  of  Mechanical  Engineers 

T.  M.  Phetteplace,  Pres.  W.  H.  Paine,  Vice-Pres. 

J.  A.  Brooks,  Secy. 


A.  H.  Whatley,   Treas. 


Note — Numbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  servp 
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OFFICERS  OF  THE  STUDENT  BRANCHES 


DATE 

INSTITUTION 

AtTTHORIZED 

HONORARY 

CHAIRMAN 

CORRESFONDINQ 

BY  COUNCIL 

CHAIRMAN 

SECRETARY 

Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

H.  E.  Erickson 

A.  N.  Koch 

Case  School  of  Applied 

Science 

Feb.l4, 1913 

F.  H.  Vose 

H.  C.  Mummert 

C.  Stemm 

Columbia  University 

Nov.  9.  1909 

Chas.  E.  Lucke 

F.  B.  Schmidt 

H.  F.  Allen 

Cornell  University 

Dec.  4,  1908 

■  R.  C.  Carpenter 

S.  D.  Mills 

N.  C.  Johnson 

Lehigh  University 

June  2.  1911 

P.B.  de  Schweinitz 

W.  C.  Owen 

T.  G.  Shaffer 

Leland  Stanford  Jr.  Univ. 

Mar.  9.  1909 

W.  F.  Durand 

C.  T.  Keefer 

K.  J.  Marshall 

Mass.  Inst,  of  Tech. 

Nov.  9.  1909 

E.  F.  Miller 

W.  H.  Treat 

L.  L.  Downing 

New  York  University 

Nov.  9,  1909 

C.  E.  Houghton 

Ohio  State  University 

Jan.lO,  1911 

Wm.  T.  Magruder 

R.  H.  Neilan 

R.  M.  Powell 

Penna.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

H.  L.  Swift 

H.  L.  Hughes 

Poly.  Inst,  of  Brooklyn 

Mar.  9,  1909 

W.  D.  Ennis 

B.  L.  Huestis 

A.  Bieiek 

Purdue  University 

Mar.  9.  1909 

G.  A.  Young 

A.  D.  Meals 

G.  F.  Lynde 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

E.  Kneass 

R.  F.  Fox 

State  Univ.  of  Iowa 

Apr.ll,  1913 

R.  S.  Wilbur 

F.  H.  Guldner 

C.  S.  Thompson 

State  Univ.  of  Kentucky 

Jan.lO,  1911 

F.  P.  Anderson 

R.  R.  Taliaferro 

F.  J.  Forsyth 

Stevens  Inst,  of  Tech. 

Dec.  4.  1908 

Alex.C.Humphreys 

L.  F.  Bayer 

C.  H.  Colvin 

Syracuse  University 

Dec.  3,  1911 

W.  E.  Ninde 

O.  W.  Sanderson 

R.  A.  Sherwood 

Univ.  of  Arkansas 

Apr.l2,  1910 

B.  N.  Wilson 

M.  McGill 

C.  Bethel 

Univ.  of  California 

Feb.13,  1912 

Joseph  N.  LeConte 

J.  F.  Ball 

G.  H.  Hagar 

Univ.  of  Cincinnati 

Nov.  9,  1909 

J.  T.  Faig 

A.  0.  Hurxthal 

E.  A.  Oster 

Univ.  of  Illinois 

Nov.  9,  1909 

W.  F.  M.  Goss 

A.  H.  Aagaard 

H.  E.  Austin 

Univ.  of  Kansas 

Mar.  9,  1909 

F.  W.  Sibley 

E.  A.  Van  Houten 

L.  E.  Knerr 

Univ.  of  Maine 

Feb.  8,  1910 

Arthur  C.  Jewett 

E.  H.  Bigelow 

O.  H.  Davis 

Univ.  of  Missouri 

Dec.  7,  1909 

H.  Wade  Hibbard 

W.  P.  Jesse 

R.  Runge 

Univ.  of  Minnesota 

Mayl2,  1913 

Univ.  of  Nebraska 

Dec.  7,  1909 

J.  D.  Hoffman 

A.  A.  Luebs 

G.  W.  Nigh 

Univ.  of  Wisconsin 

Nov.  9,  1909 

A.  G.  Christie 

W.  K.  Fitch 

J.  W.  Griswold 

Washington  University 

Mar.10,1911 

E.  L.  Ohle 

D.  Southerland 

A.  Schleiffarth 

Yale  University 

Oct.ll,  1910 

L.  P.  Breckenridge 

C.  E.  Booth 

0.  D.  Covell 

1209 


THE    WARNER    &   SWASEY    COMPANY 

Works  and  Main  Office:  CLEVELAND,  U.  S.  A. 

Branch  Offices:  NEW  YORK,  BOSTON.  DETROIT  and  CHICAGO 
TURRET  LATHES        TURRET  SCREW  MACHINES        BRASS-WORKING  MACHINE  TOOLS 

Turret    Screw     Machines 

Great  productive  capacity — adaptability  and  mechanical  refinement — the  result  of 
thirty  years'  experience  devoted  to  the  highest  standard  of  construction. 


■S^f- 


No.  8 — 3y»"  bar  capacity;  20"  swing 

s — I  to  3f"  bar  capacity;  10  to  20"  swing. 


Five  sizes — |  to  3f"  bar  capacity;  10  to  20"  swing. 

Turret  Lathe  equipments  planned,  estimates  of  output  furnished,  or  representative 

will  visit  you. 


Uniform  Efficiency 

IS  INDUCED  BY 

Irisfol  Becofilers 


Many  users  have  testified 
that  Bristol's  Recording  In- 
struments have  helped  them 
to  maintain  uniformly  efficient 
operating  conditions.  The  con- 
tinuous night  and  day  ink  rec- 
ords traced  automatically  by 
these  recorders  on  round  paper 
charts  show  actual  results  ob- 
tained, and  will  help  you  as 
they  have  thousands  of  others. 

Write  for  Bulletin  C-1300 
and  recommendations. 

THE  BRISTOL  GOPIPilNY 

Waterbury,  Conn.   4016 


HARTNESS  FLAT  TURRET  LATHE 

Turret  Description 

THE  turret  is  a  flat  circular  plate;  it  is  mounted  on  a 
low  carriage  containing  controlling  mechanism. 
The  connections  of  the  turret  to  the  carriage,  and  the 
carriage  to  the  lathe  bed,  are  the  most  direct  and  rigid, 
affording  absolute  control  of  the  cutting  tools.  The  tur- 
ret is  accurately  surfaced  to  its  seat  on  the  carriage  by 
scraping,  and  securely  held  down  on  that  seat  by  an  an- 
nular gib.  In  the  same  manner  the  carriage  is  fitted  to 
the  Vs  of  the  bed;  the  gibs  pass  under  the  outside  edge 
of  the  bed. 

The  index  pin  is  located  directly  under  the  working 
tool  and  so  close  to  it  that  there  can  be  no  lost  motion 
between  the  tool  and  the  locking  pin.  The  turret  is 
turned  automatically  to  each  position  the  Instant  the 
tool  clears  the  work  on  its  backward  travel,  and  it  is  so 
arranged  that  by  raising  and  lowering  trip  screws  near 
the  center  of  the  turret,  it  may  be  turned  to  three,  four 
or  five  of  the  six  places  without  making  any  other  stops. 

A  simple,  accurate  stop  mechanism  for  the  turret 
slide  provides  twelve  independently  adjustable  stops, 
two  for  each  of  the  six  positions  of  the  turret,  or  any 
other  division  required  by  the  operator. 

The  feeding  mechanism  for  the  turret  slides  and  the 
cross-feeding  head  receives  its  power  through  a  speed- 
varying  device  controlled  by  a  single  lever.  Nine  changes 
of  feed  in  both  directions,  from  drilling  feed  of  120  per 
inch  to  coarse  turning  of  20  per  inch,  may  be  instantly 
obtained. 

A  spring  tore  weighing  device  on  the  feed  rod  gives 
the  pulling  power  of  this  feed  mechanism  a  known 
value.  This  device  yields  at  a  certain  predetermined 
pressure. 

In  operation  the  carriage  is  fed  forward  until  it  reaches 
one  of  the  stops,  against  which  it  is  held  by  this  pressure 

Springfield,  vt.       joncs  &  LaHisoii 


U.  S.  A. 


Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyermann,  Charlottenstrasse  112,  Dusseldorf,  Germany 


till  disengaged  by  the  operator.  Arresting  the  feed 
without  releasing  the  carriage  gives  the  tool  a  chance 
to  accurately  face  the  shoulder,  leaving  a  smooth  sur- 
face instead  of  the  ragged  face  left  when  carriage  is 
released  under  full  cut. 

It  has  been  the  practice  heretofore  to  arrange  the  positive  stop 
a  thirty-second  of  an  inch  beyond  the  knock-off  for  the  feed,  and 
in  the  usual  operation  of  a  machine  of  this  kind  the  feed  knocks 
off,  and  then  the  turret  slide,  released,  jumps  back,  and  the  tool 
digs  in,  cutting  a  slight  groove  just  back  of  the  shoulder.  When  on 
work  requiring  exact  shoulder  distances  or  smoothly-finished  shoul- 
ders, the  operator  brings  the  slide  against  the  positive  stop,  hold- 
ing it  there  with  as  nearly  as  possible  uniform  pressure  until  the 
turner  has  surely  faced  its  full  length.  In  the  present  machine  the 
turret  is  always  fed  against  the  positive  stop  and  held  there  with 
a  uniform  pressure,  insuring  the  most  accurate  results  for  shoulder 
length. 


Extracts  from   the   hook   of  the    Hartness   Flat 
Lathe.     Copies  of  the  hook  mailed  on  request. 


Turret 


Machine  Company  «-- Victoria  st 


London,  England. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paria  Italy,  W.  Vogel,  Milan 


Class  "OC" 

Corliss   Steam 

Compressor 


The  Cost  of  Air 


The  cost  of  compressed  air  is  a  complex  item.  The  raw  material — free  air — 
costs  nothing.  But  the  production  costs  in  transforming  free  air  to 
compressed  air  are  large  or  small — according  to  the  refinement  of 
the  tool  used,  which  is  the  air  compressor. 

As  with  all  production  machines,  the  power  demanded  by  an  air  compressor 
is  one  cost  item.  Another  is  the  upkeep  of  the  compressor.  Another 
is  the  waste  of  raw  material  which  occurs  in  the  machine.  Another 
is  the  cost  of  labor  for  operating  the  machine. 

The  losses  of  power  in  an  air  compressor  are  heat  losses  and  friction  losses. 
Ingersoll-Rand  Compressors  minimize  heat  losses  by  the  perfection 
of  the  cooling  devices  employed — jacketing  and  intercooling.  Thej- 
minimize  friction  losses  by  the  large  size  of  their  bearings,  by  their 
rigid  construction  assuring  proper  alignment,  and  by  their  unequaled 
automatic  lubricating  systems. 

Up-keep  cost  involves  quality  of  materials,  proportions  of  parts,  wearing-out 
power  (friction)  and  lubrication.  Ingersoll-Rand  Compressor  mate- 
rials are  the  result  of  special  formulas,  specifications  and  treatments  to 
secure  utmost  strength.  The  parts  are  proportioned  to  give  utmost 
rigidity.  And  wearing-out  power  is  minimized  by  the  exceptionally 
large  bearings  and  generous  lubrication  already  referred  to. 

Waste  of  air — which  means  waste  of  power — is  brought  down  to  the  limit  in 
Ingersoll-Rand  Compressors  by  the  splendid  workmanship  and  the 
superior  valve  design  which  combine  to  minimize  leakage  losses. 

And  the  labor  item  is  cut  down  to  the  lowest  figure  by  Ingersoll-Rand  auto- 
matic lubrication  systems  and  automatic  control  and  regulation. 

As  a  result  of  all  which,  the  cost  of  compressed  air  is  lower  with  an  Ingersoll- 
Rand  Compressor,  than  with  any  other. 

Ingersoll-Rand  Co. 


New  York 


Offices  the   World  Over 


London 


AIR  HOISTS 


AIR  TOOLS 


SAND  RAMMERS 


No.  C-51 


The  Psychological  Moment 

in  the   Life   of   an   Air   Compressor 

is  that  particular  Instant  in  its  career  when  the  profits 
and  economies  from  its  use  have  so  accumulated 
that  it  can  figuratively  turn  to  its  owner  and  say — 

"I  have  paid  for  myself" 


Chicago  Pneumatic  Compressor.    Class  M-CB 

In  common  with  much  machinery  that  is  placed  on  the  market,  some 
compressors  never  pay  for  themselves. 

Some  pay  for  themselves  when  they  are  about  ready  for  the  junk  pile. 

A  "CHICAGO  PNEUMATIC"  compressor  not  only  pays  for  itself,  but 
it  does  so  early  in  its  career,  while  it  is  still  in  the  Prime  of  its  Life. 

Chicago  Pneumatic  Compressors  are  built  in 
over  300  sizes  and  styles  for  operation  by  steam, 
belt,  gear,  gasoline  engine  or  direct  motor  drive. 

Send  for  Bulletins  and  Booklet  No.  90.     Address  Dept.  DD. 

CHICAGO    PNEUMATIC   TOOL   COMPANY 

104?Se°  BSSin,         BRANCHES  EVERYWHERE        STchlrchlS."* 


Foster  superheaters 

Will  give  increased  efficiency  and 
economical  results  in  the  operation 
of  any  plant  using  steam.  Can  be 
applied  to  boilers  of  any  type,  old 
or  new. 

ADVANTAGES: 

Greater  efficiency  in    engines    and    turbines 
Increased  duty  of  pumping  engines 
Increased  capacity  of  steam  turbines 
No  drips  from  joints  or  stuffing-boxes 

Higher  Temperatures  More  heat  units 

Greater  Volume  Water  Troubles  eliminated 

Decreased  friction  Saving  in  steam 

Saving  in  coal  Perfect  gas  properties 

Better  vacuum  Less  steam  to  condense 

Smaller  piping  Reduced  load  on  boilers 

USES: 

Steam  engines       Drying  rooms         Industrial  plants 
Steam  turbines     Chemical  works     Asphalt  reduction 
Heating  systems   Wood  preserving   Evaporating  tanks 

We  will  be  glad  to  send  you  some 
interesting  and  useful  publications 
dealing  with    this   whole    subject. 


POWER  SPECIALTY  COMPANY 

1 1 1  BROADWAY.  NEW  YORK 

BRANCH  OFFICES 

BOSTON  CHICAGO  PHILADELPHIA  PITTSBURGH 

SAN  FRANCISCO  BIRMINGHAM.  ALA. 


ROCHESTER 

Automatic  Lubricators 


'LUBRICATORS  DE  LUXE" 


There  are  thousands  of  them  in  use  today.  They  have 
proven  their  worth.  They  have  demonstrated  savings  in  oil 
ranging  from  25  to  60%  according  to  conditions. 

Mechanically  right  in  every  detail. 

Unaffected  by  temperature,  pressure,  or  vacuum.  Have 
close  regulation.  Independent  feeds,  any  number  desired 
(from  1  to  8).  Three  distinct  ways  to  regulate  flow  of  oil. 
Simple,  efficient,  and  dependable  under  all  working  conditions. 

Write  for  particulars  and  48-page  Catalogue. 


Sole  Manufacturers 

GREENE,   TWEED   &  CO. 

109  Duane  St.,  New  York 


ENGINEERING  SOCIETIES  BLDG. 


Roberts 

the 
Standard  Water 

Filters 


are  installed  in  all  build- 
ings in  the  country  where 
an  absolutely  pure  water 
supply  is  demanded. 

Illustration  shows  the 
United  Engineering  Socie- 
ties' Building,  New  York 
City,  equipped  with 

HITS  FILTEilS 


NEW  YORK  CITY 


Simplicity      Efficiency      Durability 
Reasonable  Cost 

Roberts  Filters 

meet  all  these  requirements.     We  build  and  design  both  Gravity 
and  Pressure  Filters  of  any  capacity  and  for  every  use. 

Industrial  and  Municipal  work  a  specialty. 
Write  for  Catalogue 

ROBERTS  FILTER  MFG.  CO.  Inc. 


DARBY,  PHILA.,  PA. 


We  solicit 
your  inquiries 


Licensed  under 
negative  head  patents 


CR-117  Compensator  with 


)ensator  with  overload  release  for  controlling 
squirrel  cage  induction  motors. 


A  Silent 
Watchman 


The  modern  G-E  com- 
pensator does  more  than 
start  the  motor — it  pro- 
tects the  motor  at  all 
times. 

It  protects  the  motor 
during  starting — for  the 
switch  handle  cannot  pos- 
sibly be  thrown  to  the 
running  side  unless  it  is 
first  thrown  to  starting 
position. 

It  protects  the  motor 
when  current  is  thrown 
off  and  on  the  line,  for 
the  no-voltage  trip  re- 
turns the  starting  handle 
to  mid  position  whenever 
the  line  voltage  is  off. 

It  protects  the  motor 
when  operating  because 
the  overload  relay  can  be 
readily  adjusted  for  any 
load  the  motor  will  stand, 
and  is  readily  reset  with- 
out the  delays  in  produc- 
tion and  excessive  expense 
which  follow  the  use  of 
fuses. 

Our  exchange 
proposition  will  en- 
able you  to  replace 
your  old  equipment 
on  a  satisfactory 
basis. 

Ask  our  nearest 
office. 


General  Electric  Company 


Atlanta,  Ga. 
Baltimore,  Md. 
Birmingham,  Ala. 
Boise,  Idaho 
Boston,  Mass. 
Buffalo,  N.  Y. 
Butte,  Mont. 


Largest  Electrical  Manufacturer  in  the  World 

General  Office:  Schenectady,  N.Y. 

Address  Nearest  Office 


Dayton,  Ohio 
Denver,  Colo. 


Charleston,  W.  Va.    Detroit,  Mich. 


Memphis,  Tenn. 
Milwaukee,  Wis. 


Portland,  Ore. 
Providence,  R.  I. 
Richmond,  Va. 
Rochester,  N.  Y. 
Salt  Lake  City,  Utah 
San  Francisco,  Cal. 
St.  Louis,  Mo. 


Charlotte,  N.  C. 


(Office  of  Agent) 


Chattanooga,  Tenn.  Elmira,  N.  Y. 


Chicago,  111. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columbus,  Ohio 
Davenport,  Iowa 


Erie,  Pa. 
Indianapolis,  Ind. 
Jacksonville,  Fla. 
Joplin,  Mo. 
Kansas  City,  Mo. 


Minneapolis,  Minn.  Schenectady,  N.  Y. 

Nashville,  Tenn.  Seattle.  Wash. 

New  Haven.  Conn.  Spokane,  Wash. 

New  Orleans.  La.  Springfield.  Mass. 


Keokuk,  Iowa 

Knoxville,  Tenn.        New  York.  X.  Y. 
Los  Angeles,  Cal.      Omaha,  Neb. 
Louisville,  Ky.  Philadelphia,  Pa. 

Mattoon,  111.  Pittsburgh,  Pa. 

For  Texas,  Oklahoma  and  Arizona  business  refer  to  Southwest  General  Electric  Company  (formerly  Hobson 
Electric  Co.),  Dallas,  El  Paso,  Houston  and  Oklahoma  City.    For  Canadian  business  refer 

to  Canadian  General  Electric  Company,  Ltd.    Toronto.  Ont.  3982 


Syracuse.  N.  Y. 
Toledo,  Ohio 
Washington,  D.  C. 
Youngstown,  Ohio 


No  Boiler  Should  be  Installed 

Without  a  Soot  Blower 

Nowadays  every  engineer  admits  the  necessity  for  mechanical  soot  blowing 
as  an  aid  to  efficiency  and  economy.  The  matter  merely  resolves  itself 
into  a  question  of  which  blower  will  give  the  best  service. 


''Diamond'' 

Soot     Blower 

Systems 


^=  Front  End  Design — For  Return  Tubular  ^ 

=  Boilers  = 

g  Save  from  5  to  12'  i  in   fuel — some  plants  report  as  high  J 

a  as  IS' ,.  g 

=  They  prolong  the  life  of  the  Boiler.  S 

=  They  enable  the  Boiler  to  produce  its  rated  horse  power.  g 

g  They  save  Time,  Labor  and  Repair  Bills.  S 

=  They  last  as  long  as  the  Boiler    itself.  H 

g  "Diamond"  Blowers  are  giving  satisfactory,  economical,  efficient  service  in  H 

g  thousands  of  installations  and  have  stood  the  test  of  15  years.     The  fact  that  g 

g  one  concern,  which  bought  some  of  the  first  blowers  we  ever  made,  now  has  g 

=  several  hundred  of  them  in  constant  operation,  warrants  your  serious  con-  B 

=  sideration.  g 

=  "Diamond"  Blowers  operate  entirely  from  the  outside.     They  remove  every  H 

g  particle  of  soot  in  4  or  5  minutes.     There's  a  "Diamond"  for  every  standard  g 

=  make  of  boiler.     No  expense  to  install,  and  we  ship  on  trial.  H 

^^  Write  us  for  more  "reasons  why"  "Diamond"  ^p 

^s  Soot    Blowers    are    the    best    made    and     ask  ^= 

^  for     a     copy     of     "  Making      Heat     Produce."  ^ 

I  Diamond  Power  Specialty  Company  | 

I  Soot  Blowers  for  All  Standard  Boilers  | 

■  80  First  Street,  Detroit,  Michigan  ■ 

=  1533  Monadnoek  Block,  Chicago            The  Bourse,  Philadelphia            Suite  24,  19  Pear  ISt.,  Boston  ^ 

=  Canadian  Factory:  Windsor,  Ont.               Foreign  Branch:  London,  Eng.                   164  ^M 
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2000  KW  3600  RPM  60  Cycle  Condensing 
Curtis  Steam  Turbine 


Curtis  Steam  Turbine  Design  Permits 

Quick  starting. 
Sudden  changing  of  load. 
Use  of  high  superheat  and  vacuum. 

Governing  that  insures  high  economy  over  wide  range  of  load. 
Write  our  nearest  office  stating  the  type  and  kilowatt  capacity 
of  the  turbines  in  which  you  are  interested,  and  complete  infor- 
mation will  be  promptly  sent. 

General  Electric  Company 


Atlanta,  Ga. 
Baltimore,  Md. 
Birmingham,  Ala. 
Boise.  Idaho 
Boston,  Mass. 
Biiffalo,  N.  Y. 
Butte,  Mont. 
Charleston,  W.  Va. 
Charlotte,  N.  C. 
Chattanooga,  Tenn. 
Chicago,  111. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columbus,  Ohio 
Davenport,  Iowa 
Dayton,  Ohio 
Denver,  Colo. 


Largest  Electrical  Manufacturer  in  the  World 

General  Offices :  Schenectady,  N.»Y. 

ADDRESS  NEAREST  OFFICE 


Detroit,  Mich. 
(Office  of  Agent) 
Elmlra,  N.  Y. 
Erie,  Pa. 

Indianapolis,  Ind. 
Jacksonville,  Fla. 
Joplin,  Mo. 
Kansas  City,  Mo. 
Keokuk,  Iowa 
KnosvUIe,  Tenn. 
Los  Angeles,  Cal. 


Louisville,  Ky. 
Mattoon,  III. 
Memphis.  Tenn. 
Milwaukee,  Wis. 
Minneapolis.  Minn. 
Nashville,  Tenn. 
New  Haven,  Conn 
New  Orleans,  La. 
New  York,  N.  Y. 
Omaha.  Neb. 
Philadelphia,  Pa. 


Pittsburgh.  Pa. 
Portland.  Ore. 
Providence.  R.  I. 
Richmond.  Va. 
Rochester.  N.  Y. 
Salt  Lake  City,  Utah 
San  Francisco,  Cal. 
St.  Louis,  Mo. 
Schenectady,  N.  Y. 
Seattle,  Wash. 
Spokane,  Wash. 
Springfield,  Mass. 
Syracuse,  N.  Y. 
Toledo,  Ohio 
Washington,  D.  C. 
Youngstown,  Ohio 

4197 


For  Texas  and  Oklahoma  business  refer  to  Southwest  General  Electric  Co.  (formerly  Hobson 
Electric  Co.)- — Dallas,  El  Paso,  Houston  and  Oklahoma  City.  For  Canadian  business  refer  to 
Canadian  General  Electric  Company,  Lt'd,  Toronto.  Ont. 


Lm. 
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THE  H.  B.   SMITH   CO. 


Westfield,  Mass. 
Boston 


New  York 
Philadelphia 


Manufacturers  of 

BOILERS  AND 
RADIATORS 

for 

Steam  and 

Water 

Warming 


Mills  Water  Tube  Boiler 


Hammond  Water  Meters 

BUILT  TO  MEASURE 

Any  Liquid 

IX 

Any  Quantity 

AT 

Any  Temperature 

WITH 

Absolute  Accuracy 


Write  for  Bulletin  100-R 


Alberger  Pump  and  Con- 
denser Co. 

140  Cedar  Street,  New  York 

Branch  Offices — Chicago,  Plttaburg, 
St.  Louis,  Boston,  Atlanta,  San  Fran- 
cisco, Denver. 
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HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  mannner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  systen  s  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  Itnown  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin  "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


THE  NASH  ENGINE 

ILLUMINATING  NATURAL  OR  PRODUCER  GAS. 

IS  THE  MOST  RELIABLE  AND  ECONOMICAL. 


NATIONAL  METER  COMPANY 

CHICAGO  NEW  YORK  BOSTON 
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WESTON 

Miniature  Precision  Instruments 


FOR  DIRECT  CURRENT 

Accurate 
Durable 
Reliable 
Beautiful 


Switchboard  Ammeter 


Portable  Volt-Ammeter 


This  new  line  of  very  small  Instruments  represents  the  highest  development 
in  the  Art  of  Manufacturing  Electrical  Measuring  Instruments  of  low  capa- 
cities for  commercial  work. 

They  embody  a  refinement  in  design  and  Mechanical  and  Electrical  detail 
and  workmanship  which  would  seem  to  be  impossible  of  attainment  if  the 
results  were  not  present  in  the  instruments  themselves. 
They  possess  the  characteristics  and  high  grade  qualities  of  the  well  known 
Weston  Standard  Instruments;  they  are  Dead-beat — Accurate — Durable. 
The  prices  are  sufficiently  low  that  any  one  can  afford  to  own  one  of  these 
attractive  instruments. 

Send  for  Bulletin  No.  8  which  gives  full  description  and 
lists  of  over  300  ranges  and  types  for  various  purposes. 

WESTON  ELECTRICAL  INSTRUMENT  CO.,  Newark,  N.  J. 


LUNKENHEIMER   "PUDDLED" 
SEMI=STEEL  VALVES 

The  "Puddled"  Semi-steel  used  in 
Lunkenheimer  Valves  is  an  extremely 
high  grade  iron  and  steel  alloy  of  very 
close  grain  and  great  strength,  the  ten- 
sile strength  per  square  inch  being 
35,000  pounds. 

All  parts  subjected  to  wear  are  re- 
newable. 

The  line  includes  Globe,  Angle,  Cross, 
Check,  Gate,  Non-return  Safety  Boiler 
Stop  Valves,  etc.,  guaranteed  for  work- 
ing pressures  up  to  250  pounds,  and 
made  in  two  combinations  as  regards 
the  trimmings,  to  suit  various  condi- 
tions of  superheat  and  meet  the  speci- 
fications of  engineers  who  differ  as  to 
tlie  material  used. 

This  line  is  also  made  in  Cast  Steel 
for  extreme  conditions  of  pressure, 
superheat  and  strain,  and  in  Cast  Iron 
for  less  severe  conditions. 

Your  local  dealer  can  furnish  them; 
if  not,  write  us. 


THE     L.\JNKENH£IM£R 


Write  for  catalogue. 

COMPANY 


Largest  Manufacturers  of  High  Grade  Engineering  Specialties  In  the  World 

General  Offices  and  AVoiks :  CINCINNATI,  OHIO,  17.  S.  A.  14-4 

New  York,  64-6S  Fulton  St.    Hcstou.  ISb  lli;;h  SI.  Chicago,  186  N.  Dearborn  St.    London,  S.  E..35  Great  Dover  St. 


DE  LA  VERGNE  OIL  ENGINES 

show  the  highest  thermal  efficiency 
of  any  prime  mover.  In  addition  to 
this,  they  operate  on  the  heaviest 
and  cheapest  grades  of  fuel  oil,  such 
as  waste  residual  tars  or  asphaltic 
crude  petroleum  products  which 
cannot  be  economically  used  in  any 
other  known  way. 

This,  together  with  their  remark- 
able high  efficiency,  makes  the  De  La 
Vergne  Oil  Engine  the  most  eco- 
nomical prime  mover  on  the 
market  today. 

There  are  over  30,000  of  the  vari- 
ous types  in  successful  operation. 
As  many  as  eight  successive  orders  comprising  forty- two  engines  in  all 
have  been  placed  by   a  single   customer  for  his   own  use— proof  positive  of 
satisfactory  service. 

No  special  skill  is  required  to  operate  them. 

They  are  the  ideal  source  of  power  for  factory  service,  electric  installations, 
pumping  stations  and  isolated  plants  of  every  description. 
Send  for  Bulletin  No.  112. 

DE   LA   VERGNE   MACHINE   CO. 
1123  East  138th  Street  New  York  City 


Goulds  Triplex  and  Centrifugal  Pumps 

Are  Made  for  All  Services 


Whatever  your  pumping  equipment  may  be,  there  is  a  pump  in 
the  Goulds  line  that  will  give  you  what  you  want. 

Our  set  of  bulletins  gives  complete  specifications 
on  pumps  for  every  service;  and  one  of  them  con- 
tains all  of  the  instructions  and  tables  needed 
in  selecting  and  installing  pumping  equip- 
ment for  any  service. 
This  set  of  pub- 
lications is  the  most 
complete  reference 
available  on  pumps 
and  pumping. 

Write      for     a 
bound  set. 


Goulds  Single  Stage  Centrif- 
ugal \A/ith    Direct  Connected 
Motor 


Goulds    Triplex    PU'mp  iwifh  Gear 
Connected  Electric  Motor 


tAlRSlST  PJFia.©!?-  [p)^  5>^  P^^  ^®^  EVERY  aUDWIieE 


78  WEST  FALL  STREET 


SENECA  FALLS,  N.  Y- 


Branches  and  Agencies  in  Principal  Cities 


WHEELING  MOLD  &  FOUNDRY  CO. 

WHEELING,  W.  VA. 
Pittsburgh  Office,  Farmers  Bank  BIdg.  New  York  Office,  1401  Singer  Tower 

Steel  Castings 

to  100,000  pounds 

Chilled  Rolls 
Steel  Rolls 
Sand  Rolls 


Steel  Works 
Equipment 

Special  Machinery 

Cut  Gears 

No  work  too  big  for  us 
800  men  employed 


Bloom  Shear 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   with    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 

Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 

SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES-Four   Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

1CANU7ACTUKZD  UNDER  DAVY  BKOS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK  BUILDING  PITTSBURG.   PA.    ' 

16 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 

JOHN    A.    ROEBLING'S    SONS    COMPANY 

TRENTON,   N.  J. 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


Cleveland 
Seattle 


THE  GARVIN  MACHINE  COMPANY 

Manufacturers  of 

MILLING    MACHINES 

all   Styles  and  Sizes 

SCREW   MACHINES 

MONITOR  LATHES 

FORMING    MACHINES 

CAM   CUTTING 

MACHINES 

TAPPING   MACHINES 

SLOTTING   MACHINES 

DRILL   PRESSES 

CUTTER  GRINDERS 

DUPLEX   HORIZONTAL 

DRILLS 

HAND  LATHES 

SPRING  COILERS 

and 

SPECIAL  MACHINERY 


GARVIN     No.    2-X     Automatic     Tapping 

Machine.     Capacity — }i   to  J-g   in. 

in    Cast     Iron. 


OFFICE   AND  WORKS 
137  VARICK  ST. 
NEW  YORK  CITY 

Visitors  Welcome 
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YALE 


Triplex  Block 

THE  (YALE)  Triplex  Block  is 
the  only  block  that  is  "  from- 
hook-to-hook-a-line-of-steel."  This 
is  an  advance  announcement.  Order 
now  for  October  delivery. 

The  Yale  &  Towne  Mfg.  Co. 

9  East  Fortieth  Street,        -        New  York 

The  Makers  of  Yale  Products 


Chain  Blocks,  Electric  Hoists,  Locks, 
Padlocks   and    Builders'    Hardware. 


Local  Offices:  Chicago:     74  E.  Randolph   St. 
San  Francisco  :   134  Rialto  Bldg. 


SPRAGUE  ELECTRIC  HOISTS 

Direct  and  Alternating  Current 

Capacities  from  ^  to  6  Tons 


An  immense  variety  of  work  can  be  done 
most  advantageously  by  Electric  Hoists. 

Those  responsible  for  specifying  apparatus 
can  not  afford  to  jeopardize  their  reputations 
by  recommending  anything  but  The  Best. 

Thousands  of  satisfied  users  testify  to  the 
wisdom  of  selecting  Sprague  Electric  Hoists. 

Consult  our  Engineers  without  obligation. 

Write  for  Pamphlet  No.  90160 


SPRAGUE  ELECTRIC  WORKS 

OF  GENERAL  ELECTRIC  COMPANY 
Main  Offices :    -      -    527-531  West  34th  St.,  New  York 

BRANCH   OFFICES  IN   PRINCIPAL  CITIES 


IS 


_A  great  two  yreeks  record  Proof    Extraordinary 

that  Goodrich  Con- 
veyor Belts  Give 
Longest  Service 


Orders  in  rapidly  increasing  volume 
are  coming  to  us  for  belts  to  be 
shipped  to  foreign  countries. 


has  been  shipped  to  Canada,  Newfoundland,  Mexico,  Panama  Canal,  Colombia,  Chile,  Argentine 
Republic,  England,  France,  Belgium.  Germany,  Austria,  Russia,  Sweden.  South  Africa  and  Australia. 

This  increasing  use  of  "Longlife"  in  the  face  of  strenuous  competition,  is  forceful  proof  of  the 
superior  service  given  by  the  belts  of  Goodrich  make. 

JUST  LOOK  AT  THIS  TWO  WEEKS'    RECORD 

During  the  first  two  weeks  of  March  ten  orders  were  received  for  Germany  and  Austria,  a  big  dredge 
belt  was  ordered  for  Ural  goldfields,  Russia;  large  belts  were  ordered  for  Japan  and  South  Africa,  while 
Canada  and  Mexico  also  sent  good  sized  orders. 

Specify  "Longlife"  in     Your    Next  Requisition 

There's  a  reason  for  all  these  orders  from  abroad.  That  re.ison  is  the  fact  that  "Longlife"  Belts  oper- 
ate right,  give  continuous  service  and  handle  more  tons  per  dollar  cost  than  any  other  belt. 

THE  B.  F.  GOODRICH  COMPANY 

Makers  of  Goodrich  Tires  and  Everything  That's  Best  in  Rubber 
Factories:  Akron,  O.         Branches  in  all  Principal  Cities 

There  is  nothing  in  Goodrich  advertising  that  isn't  in  Goodrich  Goods. 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,    FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKS:   ELIZABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 


SALES  ROOM:    79   BARCLAY  ST. 
NEW  YORK  CITY 


JEFFREY  CO-OPERATION  AND  SERVICE  ARE  OF 

GREAT  VALUE  TO  THE  DESIGNING  AND 

CONSTRUCTING  ENGINEER 

You  are  daily  confronted  with  problems  dealing  with    the   economical    hand- 
ling of  materials,  increasing  plant  efficiency,  etc. 

Jeffrey  STANDARD  Machinery  can  be  readily  adapted    to   meet    your  re- 
quirements. 

Our  experience  is  yours.     Let  us  confer  with  you. 


JEFFREY  MANUFACTURING  CO., 


-    Columbus,  O. 


New  York 
Boston 


Philadelphia 
Pittsburg 


Cleveland 
Charleston,  W.  Va. 


Clucago 
Birmingham 


Denver 
Montreal 
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MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


\"       ALLIANCE     f^Mah,       OHIO  ^0 


miL. 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


Hoisting   Engines 
of  CLYDE  Grade 

represent  the  highest   notch  in   money-and-time  saving 
efficiency. 

You  cannot  pay   less   and    get   the   same  eflfi- 
,C\      ciency.     You  cannot  get  greater  efficiency,  how- 
ever much  you  pay. 

CLYDE  IRON  WORKS 

Manufacturers     of     CLYDE-GRADE    Hoisting     Machinery 

at  niiliilli.  MiiineNola.   IT.  N.  A. 

"Call  for  Catalog  No.  33" 
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Q  Green  Chain  Grate  Stokers 

For  Water  Tube  and  Tubular  Boilers 
GREEN  ENGINEERING  CO. 

Steger  Building  Chicago,  111. 

Catalogue   "  G  "—Green  Chain  Grate  Stokers  for  free  burning   bituminous   coals. 
Catalogue   "L" — Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue  No.  8 — GECO  Pneumatic  Ash  Handling  Systems. 
Sent  on  application 


WATER  TUBE,  INTERNAL  FURNACE  AND    RETURN  TUBULAR 


New  York 
Philadelphia 


Pittsburgh 
Chicago 


BOILERS 

ALL  WROUGHT  STEEL  CONSTRUCTION 

E.KEELER    COMPANY 

Established  1864  WILLIAMSPORT,  PA. 


Huntingdon,  W.  Va. 
New  Orleans 


Dallas  Seattle 

San  Francisco 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET.  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works;   BARBERTON.  OHIO     BAYONNE,  N.  J. 


WWTON,  8»  Ftderal  SL 

PITTSBURGH,  Farmere  Deposit  Bani  BIdj 

SALT  LAKE  UTY,  313  Atlas  Block 

CLEVELAND,  New  England  Bldg 

LOS  ANGELES.  American  Bank  Bldg. 


BRANCH   OFFICES 
PHILADELPHIA,  North  American  Bldg. 
NEW  ORLEANS.  Shubert  Arcade. 
CHICAGO,   Marquette  Bldg. 
PORTLAND,  ORE.,  Wells-Fargo  Bldg. 
SE.\TTLE,  Mutual  Life  Bldg, 


SAN  FRANaSCO,  99  Flr»t  StiMI 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116J  CaUe  da  U 
aNCINNATI,  Traction  Bldg 


>  v^         *v 


SCOTCH  BOILERS 

DRY  AND   WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  T. 
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CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  6 1-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 

i 

i 

u 

Ktl-r^'^^JM 
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Standard  Ball  and  Roller  Bearings 

Thrust  Bearings  in  capacities  up  to  2,000,000  pounds. 

Journal  Bearings  in  capacities  of  100,000  pounds,  and 
light  loads  at  25,000  R.P.M. 

Standard  Roller  Bearing  Company 

50th  Street  and  Lancaster  Ave.                      Philadelphia,  Penna. 

INDIVIDUAL  SANITARY  WASH  BOWLS 

Arranged  In  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUPACTURINQ     EQUIPMENT  &   ENOINEERINQ   COMPANY.    BOSTON.    MASS. 

Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820  Elevator,  C.   R.  Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-Speed  Elevator.  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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BROWN   PYROMETERS 


Have  been  the  recognized  standard 
since  1860,  and  they  have  the  larg- 
est sale  to-day.  Can  we  send  a 
copy  of  our  new  56  page  catalogue 
describing  these  instruments  ? 

THE  BROWN  INSTRUMENT  CO. 

Philadelphia,  Pa. 


^^RITE   for  a  copy  of  our 
booklet    entitled    "The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American-Ball  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,        BOUND  BROOK,  N.  J. 


Condensers 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

291  Surface  Condensers,  J.  M.  Whitham $  .10 

534  An  Evaporative  Surface  Condenser,  J.  H.  Fitts 10 

693  A  Self  Cooling  Condenser,  R.  Alberger 20 

798  Coohng  Tower  and  Condenser  Installations,  J.  H.  Vail 20 

1072  Condensers  for  Steam  Turbines,  Geo.  I.  Rockwood .20 

$  .80 

Set  Complete,  $  .75  Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St..  New  York 


O'K.  SPEED  REDUCING  TRANSMISSIONS 


RATIOS  4:1  UP  TO  1600:1 
1    TO    100    HORSEPOWER 


WRITE  FOR 
BULLETIN  E. 

We  recorameuti  the  OK.  Reducer  for  heavy  duty  and  continuou.s  service.  They  are  highly  efficient,  strong 
and  durable,  being  entirely  incased  and  oil  tight,  as  well  as  dust  and  fool  proof.  All  the  parts  move  in  the 
same  direction,  and  you  will  note  by  taking  power  from  three  points  of  the  king  pinions  it  gives  a  well 
balanced  drive  of  great  emergency  strength.  ......  ^-.u,   »*  „  c* 

D.  O.  JAMES  MANUFACTURING  CO.  ^"cHiCfico  Jtl       CUT  GEARING 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Department    of  Civil,  Mechanical  and  Chem- 
cal  Engineering. 
For  announcementa  or  information,  address 

Charles  Henry  Snow,  Dean, 
UNIVERSITY  HEIGHTS,  N.  Y.  CITY 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering. 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanica 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO 


Bert.  L.  Baldwin  Garrett  W.  Simpkinson 

Members  A.  S.  M.  E. 

BERT.  L.  BALDWIN  &  CO. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven     Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects 

Exchange  Building,  53  State  St., 
BOSTON,  MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests   of   Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.    Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue, 

NEW  YORK  CITY. 


FORD.  BACON  &  DAVIS 

Engineers 


115  Broadway 
NEW  YORK 


New  Orleans 


San  Francisco 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201  Devonshire  Street,         BOSTON,  MASS. 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards 
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MACHINE    SHOP    EQUIPMENT 


MACHINE   SHOP   EQUIPMENT 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 
Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 


Wrenches,  and  all  Thread  Cutting  Tools, 
anv  in  the  world. 


Our  goods  are  not  surpassed  by 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HARTFORD  SPECIAL  MACHINERY  CO. 

HARTFORD,  CONN. 

Builders  of  High  Grade,  Accurate,  Special  Machinery,  Fixtures,  Jigs 
and  Tools. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 

Manufacturers  of  Grinding  Machines.      Internal  Grinders,   Cylinder 
Grinders,  Surface  Grinders,  Drill  Grinders. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J  to  5  tons. 


TAPS 

AND 

DIES 


CARBO- 
RUNDUM 
PRODUCTS 


GEAR 
SHAPERS 


MILLING 
MACHINES 


SPECIAL 
MACHINERY 


GRINDING 
MACHINES 


AIR 
COM- 
PRESSORS 

AIR  TOOLS 
AND    HOISTS 


25 


MACHINE  SHOP   EQUIPMENT 


TURRET 
LATHES 


HEAVY    DUTY 

BORING 

MILLS 


LATHES 

MILLING 
MACHINES 


MACHINE 
TOOLS 

ENGINEER- 
ING 
SPECIALTIES 


METAL  SHOP 
AND 

FACTORY 
EQUIPMENT 


PINIONS 

AND 

GEARS 


TURRET 
LATHES 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartncss  Flat  Turret  Lathe;  made  in  two  sizes 
for  botli  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 


Vertical  Turret  Machines,  28"  and  34". 
Machines,  42"  to  84",  inclusive. 


Vertical  Boring  and  Turning 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  I.athes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 
BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


NEW  PROCESS  GEAR  CORPORATION 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  fully,  will 
be  mailed  on  request. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  $0.30;  No.  10S3 
Belt  Creep:  W.  W.  Bird,  price  $0.10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discussion,  price  $0.70. 
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MACHINE   SHOP   EQUIPMENT 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  tj'pes;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  5  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  Yorlc  2007  Fisher  Bldg.,  Chicago,  HI. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


SAND 
RAMMERS 

AIR  TOOLS 
AND  HOISTS 

COMPRESS- 
ORS 


FOUNDRY 
MOLDING 
MACHINE 
EQUIPMENT 


BLOWERS,  FANS,   DRYERS,  ETC. 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  dehver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


BLOWERS 

GAS 

EXHAUST- 
ERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZ- 
ERS 

ENGINES 
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ROLLING     MILL      MACHINERY 


ROLLING    MILL    MACHINERY 


ENGINES 

ROLLING 

MILL 

MACHINERY 


STEAM 
HYDRAULIC 
FORGING 
PRESSES 


ROLLING 

MILL 

EQUIPMENT 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 

Engines,  single  and  compound,  corliss  reversing  and  blowing.  Roll- 
ing jNIill  and  Hydraulic  Machinery  of  all  kinds.  Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


WHEELING  MOLD  &  FOUNDRY  CO. 

Pittsburgh,  Pa.  WHEELING,  W.  VA.  New  York,  N. 


Y. 


Designers  and  Builders  of  Steel  Works  and  Rolling   Mill  Equipment. 
Steel  Castings  machined  or  in  the  rough.     Chilled,  Sand  and  Steel  Rolls. 


PUMPS  AND  HYDRAULIC  TURBINES 


PUMPING 
MACHINERY 


PUMPS 

CONDENS- 
ERS 


PAPERS 

ON 

PUMPS 

AND 

HYDRAULIC 

TURBINES 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


M.  T 

DAVIDSON 

CO. 

43-53  Keap 

St.,  BROOKLYN,  N.  Y. 

New  York: 

154  Nassau  St. 

Boston  : 

30  OHver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 
densers. 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  381.  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Com- 
mittee Report,  price  $0.30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  S.  Nagle,  price 
SO.IO;  No.  1110.  Development  of  Water-wheel  Governor:  M.  A.  Replogle,  price  $0.20; 
No.  1113.     Turbine  Design  as  Modified  for  Close  Regulation:  G.  A.  Bovinger,  price  $0.10. 
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PUMPS     AND     HYDRAULIC     TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  everv  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.    Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


LAMMERT  &  IMANN 

21.5-221  N.  Wood  St.  CHICAGO,  ILL. 

Engineers  and  Machinists 

Manufacturers  of  Rotary   Vacuum   Pumps  for  highest  dry   vacuum, 
Lead  Pumps,  Rotary  Blowers,  etc. 


PUMPS 

HYDRAULIC 
MACHINERY 


WATER 
WHEELS 

WOOD   PULP 
AND 
PAPER 
MACHINERY 


TURBINES 

PAPER     MILL 
MACHINERY 


VACUUM 
PUMPS 


CENTRIF- 
UGAL 
PUMPING 
MACHINERY 

ENGINES 


STEAM   ENGINES  AND    BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 


42  Raritan  Ave. 


BOUND  BROOK,  N.  J. 


Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, 80  to  1.000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


WATER  TUBE 
BOILERS 


ENGINES 
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STEAM    ENGINES    AND    BOILERS 


WATER  TUBE 
BOILERS 


STEAM 
E'NGINES 


STEAM 
BOILERS 
AND 
ENGINES 

FEED-WATER 
HEATERS 


STEAM 
ENGINES 


ENGINES 

PUMPS 

COMPRESS- 
ORS 

CASTINGS 


BOILERS 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BOILERS 


PAPERS 

ON 

STEAM 

ENGINES 

AND  BOILERS 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pressure:  J.  E.  Howard, 
price  $0.30;  No.  1298.  Combustion  and  Boiler  Efficiency:  E.  A.  Uehling,  price  $0.30;  No. 
1308.    Oil  Fuel  for  Steam  Boilers:  B.  R .  T.  Collins,  price  $0.20. 
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STEAM   ENGINES  AND  BOILERS 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 
Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St..  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE 

VILTER 

MFG. 

CO. 

1070-1088  Clinton  St. 

Established 

1867 

MILWAUKEE, 

WIS. 

Builders  of  Corliss  Engine 
Connected  Service,  medium  or 

i.  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or 
high  speed.     Ice  and  Refrigeration  Machines. 

Direct- 

WEIMER  MACHINE  WORKS  COMPANY 

LEBANON,  PA. 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Cinder 
and  hot  metal  cars.  Furnace  Bells  and  Hoppers.  Rolling  Mill  castings. 
Special  attention  paid  to  quick  repair  work  and  work  governed  by  En- 
gineers'   specifications. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1071.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price 
$0.10;  No.  922.  Effect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price 
SO. 10;  No.  873.  Comparison  of  Rules  for  Calculating  the  Strength  of  Steam  Boilers: 
H.  de  B.  Parsons,  price  $0.10;  No.  819.  Boiler  and  Furnace  Efficiency:  R.  S.  Hale,  price 
$0.30. 


COMPLETE 
POWER 
PLANT 
EQUIPMENT 


BOILERS 


ENGINES 

REFRIGERA- 
TING 
MACHINERY 


BLAST 
FURNACE 

BLOWING 
ENGINES 


PAPERS 

ON 

STEAM 

ENGINES 

AND 

BOILERS 


OIL  AND   GAS    ENGINES  AND  GAS  PRODUCERS 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  200,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


REFRIGERA- 
TING    AND 
ICE     MAKING 
MACHINERY 

OIL  AND  GAS 
ENGINES 


OIL 
ENGINES 
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OIL    AND   GAS    ENGINES   AND   GAS    PRODUCERS 


GAS 

ENGINES 
AND 
PRODUCERS 


GAS 
PRODUCERS 


PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H.  P. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 
Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.    Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  133G.  Symposium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
$0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41  X.  A  Regenerator  Cycle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  $0.90;  No.  1238.    Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


CONDENSERS 

CENTRIFUGAL 

PUMPS 

HEATERS 

COOLING 

TOWERS 


VALVES 

SLIDE  AND 
PISTON 
DISTRIBU- 
TION 


VALVES 

GAUGES 

INDICATORS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


ALBERGER   PUMP  &  CONDENSER   CO. 

140  Cedar  St.  NEW  YORK 

Complete  condensing  equipments.  Surface,  jet  and  barometric  types.  Centrifugal 
pumps,  steam  turbines,  water  turbines,  vacuum  pumps,  water  meters,  feed  water  heaters^ 
cooling  towers,  expansion  joints. 

See  pages  88,  89,  90  of  Condensed  Catalogs  of  Mechanical  Equipment. 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN   STEAM   GAUGE  AND   VALVE  MFG.  CO. 

BOSTON.  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1085.  Performance  of  a  Superheater:  A.  Bement,  price  $0.10  ;  No.  1070.  A  Twist 
Drill  Dynamometer:  H  P.Fairfield,  price  SO. 10;  No.  921.  The  Bursting  of  Small  Cast 
Iron  Fly-Wlicels:  C.  H.  Benjamin,  price  $0.20;  No.  1144.  Balancing  of  Pumping  En- 
gines: A.  F.  Nagle,  price  $0.10. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


VALVES 
GAUGES 


NEW  YORK  CITY 


W.  N.  BEST 

11  Broadway 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid 
fuel  equipment. 


OIL  AND  TAR 
BURNERS 

FURNACES 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Thermometers. 
The  Wni.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters,  Ammeters 
and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt  Lacing. 


RECORDING 
GAUGES 
AND 

INSTRU- 
MENTS 


THE  BROWN  INSTRUMENT  CO. 

Established  1860  PHILADELPHIA,    PA. 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  be  manufactured  in  this  coun- 
try, and  having  the  largest  sale  today.  Also  manufacturers  of  Thermometers,  speed  in- 
dicators and  Recorders,  Voltmeters,  Ammeters  and  kindred  instruments. 


PYROM- 
ETERS 

THER- 
MOMETERS 

TACHOM- 
ETERS 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.   LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CRESCENT  MANUFACTURING  CO. 

SCOTTDALE,  PA. 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups. 


LUBRICA- 
TORS 

GREASE 
CUPS 


DIAMOND  POWER  SPECIALTY  COMPANY 


1534  Monroe  Bldg. 
CHICAGO 


70  First  St., 
Bourse  Bldg. 
PHILADELPHIA 


DETROIT 
702  Singer  Bldg. 
NEW  YORK 


Suite  24—19  Pearl  St. 
BOSTON 


Mechanical  Systems  for  cleaning  Soot  from  heating  surfaces  in  all  stand- 
ard makes  of  Boil(>rs.      Soot  Blowers  for  all  Stdtidard  Boilers. 


SOOT 

BLOWER 

SYSTEMS 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  $0.10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  PjTometer  and  Compensator:  W.  H.  Bristol,  price 
80.30;  No.  1064.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  SO. 10;  No. 
S  30  Xa.    Efficiency  Testa  of  Lubricating  Oils:  F.  H.  Sibley,  price  SO. 10. 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


STOKERS 

PNEUMATIC 

ASH 

CONVEYORS 


FORCE  FEED 
LUBRICA- 
TORS 


GREEN  ENGINEERING  CO. 

Stoger  Building  CHICAGO,  ILL. 

Green  Chain  Grate  Stokers  for  free  burning  and  coking  bituminous  coals. 
GECO  Pneumatic  Ash  Handling  Systems. 
See  pages  60  and  51  of  Condensed  Catalogues'of  Mechanical  Equipment. 


GREENE,  TWEED  &  CO. 

109  Duane  St.  NEW  YORK 

Rochester  Automatic  Force  Feed  Cylinder  Lubricators,  for  the  lubrica- 
tion of  all  types  of  engines,  pumps  and  air  and  ammonia  compressors. 
See  page  159  of  Condensed  Catalogs  of  Mechanical  Equipment. 


LUBRICATION 
PUMPS 


VALVES 


VALVES 


STEAM 
TRAPS 


SEPARA- 
TORS 


REGULA- 
TORS 


AIR 

COMPRESS- 
ORS 

AIR  TOOLS 
AND   HOISTS 


VALVES 

PACKING 
DISCS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made  in  any   number   of  Feeds  or 
Compartments. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  .steam.     Valves  unlike  all  others. 


r 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


11  Broadway 


INGERSOLL-RAND  COMPANY 

NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
can.acitv    Vo   to  .5  tons. 


capacity  J^  to  5  tons 


NEW  YORK 


JENKINS  BROS. 

BOSTON  PHILADELPHIA  CHICAGO 


Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  made  in  brass,  iron  body,  and 
cast  steel,  in  a  variety  of  types,  suitable  for  moderate,  medium  or  extra  heavy  pressures. 
Also  a  line  of  high  grade  mechanical  rubber  goods  including  sheet  packing,  gaskets,  gasket 
tubing  and  pump  valves.     Illustrated  catalogue  sent  on  request. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  $0.10;  No.  1287. 
Experimental  Analj'sis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  $0.20;  No. 
S  43  X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  26  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 
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POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


ROBERT  A.  KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:   6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves  for  all   purposes. 
Special  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  Fittings:  Com-report,  price  $0.10;  No.  1297.  Transmission  of  Heat  in  Surface 
Condensation:  G.  A.  Orrok,  price  $0.50;  No.  1259.  Cooling  Towcr.s  for  Steam  and  Gas 
Power  Plants:  J.  R.  Bibbins,  price  $0.40;  No.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Rockwood,  price  $0.20. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 

Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors  for  Steam  Engines,  Turbines,   Gas  Engines.     Mechanical 
Control  Power  Regulation. 

See  Page  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


POWER  SPECIALTY  CO. 

Ill  Broadway  NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


MAGNESIA 

ASBESTOS 

AND 

BRINE   PIPE 

COVERINGS 
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BLOW-OFF 
VALVES 

FIRE  HY- 
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TORS 
ETC. 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


WATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 


RECORDING 
THER- 
MOMETERS 
AND  GAUGES 

TACHOMETERS 

CALORIM- 
ETERS 


INJECTORS 

CONDENS- 
ERS 

VALVES 
ENGINE 
STOPS 


INSTRU- 
MENTS 


LUBRICAT- 
ING 
OILS 


CONDENS- 
ERS 

PUMPS 

COOLING 
TOWERS 


CONDENS- 
ERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 


WM.  B.  SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURGH,  PA. 

26  Cortlandt  St.  New  York 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic  purposes. 


THE  SCHAEFFER  &  BUDENBERG  MFG.  CO. 

BROOKLYN,  N.  Y. 
Instruments  for  Measuring,  Indicating  and  Recording  Temperature, 
Pressure  and  Speed. 

See  page  182,  Condensed  Catalogues  of  Mechanical  Equipment. 


SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Ojien  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,  Feed  Water  Heaters,  etc. 


CO. 

BROOKLYN,  N.  Y. 


C.  J.  TAGLIABUE  MFG. 

32  THIRTY-THIRD  ST. 

Local  Sales  OfBees  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and   Pressure.      Thermometers;  Automatic  Contnilli-rs;   Cages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  IlNgroiuctcrs,  Hyilrometers,  etc. 
See  our  Condensed  Catalogue  in  April  1.011    nuiiihtr  of  Tlie  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundries  and  all  general  purposes.  All  classes  of  Petroleum  Products  of 
the  highest   quality. 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:   CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
\'aeuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 


NEW    YORK 


SAN    rRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Water  Heaters,  Water  Cooling  Towc^rs,  Boiler  Feed  and  Pressvu-e  Pumps. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  Unnecessary  Losses  in  Firing  Fuel  Coal:  C.  R.  Weymouth,  prioe  $0.30;  No 
1213.  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price 
S0.20;  No.  1165.  The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.  E 
Junge,  price  $0.40;  No.  1245.     Some  Properties  of  Steam:  R.  C.  H.  Heck,  price  $0.10. 


HOISTING    AND  CONVEYING    MACHINERY 


HOISTING   AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Stearri  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 


PrTxsBroH  CLEVELAND,  O.,  U.  S.  A.  I^hicLT"'^" 

Desijiners  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinolave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 

Manufacturers  of  Goodrich  Conveyor  Belt.  The  Goodrich  "LongUfe" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C  K.  Baldwin,  price 
$0.10;  No.  1234.  A  Unique  Belt  Conve.vor:  E.  C.  Soper,  price  SO. 10;  No.  1300.  Operating 
Condition  of  Passenger  Elevators:  R.  P.  Bolton,  price  $0.20;  No.  1161.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  S.  B. 
Fowler,  price  $0.20. 
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ELEVATING 

CONVEYING 
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THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


LIDGERWOOD  MFG.  CO. 


96  Liberty  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cable- 
ways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
Transmission  Machinerv. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


ROBINS  CONVEYING  BELT  COMPANY 

13  Park  Row,  New  York 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A. 

ROEBLING'S 

SONS 

COMPANY 

TRENTON, 

N.  J. 

Manufacturers  of  Iron,  Steel  and 

Copper  Wire  Rope, 

and  Wire  of 

every  description. 

SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.    Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and  Hoists;  Coal  and  Ore  HandUng  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 


as 


HOISTING  AND  CONVEYING   MACHINERY 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastern  Branch:  ,S,S-9()  Hoailc  St.,  NEW  YORK 

Manufaotvirera  of  Elevating,  Conveying  and  Power  Traiisniittiiij;  Machinery  for  ail 
purposes.  Over  thirt.v  years'  experience  in  this  line  and  extensive  facilities  for  nianufac- 
turins;  give  us  lar^c  ailvantafies.  Belt  Conveyors  for  liaiidlin^  cements,  ores,  sand,  gravel, 
(ic.  Coal  ami  Ash  Handling  Systems  for  power  i)lants  and  buildings.  Chain  belting. 
( learing. 


THE 

9  E.  40th  St. 

Makers  of  the 
i.s  made  in  14  sizes, 
Hoist  in  10  sizes,  J 

YALE  & 

Triplex  Block 
with  a  lifting 
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TOWNE  MFG. 

and  Electric  Hoists, 
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CO. 

NEW  YORK 
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AIR  COMPRESSORS  AND   PNEUMATIC  TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneimiatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


AIR 
COM- 
PRESSORS 

PNEUMATIC 
TOOLS 


AIR 
COM- 
PRESSORS 

TOOLS 

HOISTS  AND 

SAND 

RAMMERS 


ELECTRICAL   APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchljoards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


SPRAGUE  ELECTRIC  WORKS 

of  General  Electric  Co. 
527-531  W.  34th  St.  NEW  YORK 

Manufacturers  of  D.  C.  Generators,  Electric  Motors,  Electric  Hoists, 
Electric  Fans,  Conduits,  Armored  Cable,  Outlet  Boxes,  Armored  Hose. 


ELECTRIC 
DRIVE 


GENERATORS 
MOTORS 
HOISTS 
FANS 
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ELECTRICAL  APPARATUS 


DYNAMOS 
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PAPERS 
ON 

ELECTRICAL 
APPARATUS 


WAGNER  ELECTRIC   MANUFACTURING  COMPANY 

ST.  LOUIS,  MO. 

.Single-Phase  Motors.  Polyphase  Motors.  Transformers,  Power  &  Pole  Type.  Instru- 
ments, a  complete  lino.  A.  C.  Generators.  Converters  for  charging  vehicle  batteries  from 
A.  C.  Rectifiers  for  charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electric) 
Equipments.     Automobile  Self  Starters  (Electric),  etc. 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

NEWARK,  N.  J. 

Manufacturers  oi  Miniature  Precision  Instruments  for  Direct  Cur- 
rent.    Over  300  ranges  and  types  for  various  purposes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  80.20;  No.  485.  The 
Electric  Railway  as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr.,  price  $0.10;  No.  845. 
The  Mechanical  Equipment  of  the  New  South  Station:  W.  C.  Kerr,  price  $1.00;  No. 
1043.  Middlesborough  Dock  Electric  and  Hydraulic  Power  Plant:  V.  L.  Raven,  price  $0.30. 


POWER  TRANSMISSION 


PULLEYS 


PULLEYS 


SHAFTING 

PULLEYS 

HANGERS 


POWER 
TRANS- 
MISSION 

ELEVATORS 

CONVEYORS 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.      120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  8|".     Let  us  send  you  our  booklet  illustrating  all  styles. 


THE 

A. 

& 

F. 

BROWN 

CO. 

79  Barclay  St. 

NEW 

YORK 

Manufacturers  of  Shafting, 

Pulleys, 

Hangers, 

etc., 

for 

Transmission  | 

of  Power 

DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Manufacturers  of  everything   for   the   Mechanical   Transmission  of 
Power;   also   Elevating   and   Conveying   Machinery,   and   the   "Eureka" 
Water  Softener.     Send  for  general  catalog  C-10. 
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POWER    TRANSMISSION 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


D.  O.  JAMES  MANUFACTURING  CO. 

1120-22  W.  Monroe  St.  CHICAGO 

Speciahsts  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm 
gears,  rawhide  pinions,  racks,  incased  worm  gear  reductions,  O'K.  speed 
reducing  transmissions  4:1  up  to  1600:1. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved  Appliances  for  the  transmission  of  Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 
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ENGINEERING  MISCELLANY 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 

Aluminum  Ingot,  Sheet,  Rod,  ^^'ire,  Cable,  Tubing  and  other  forms. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Size,  Weight  and  Strength.    Large  and  Accurate 
Machine  Work.    Grinding  and  Polishing  Machines. 


ALUMINUM 


CASTINGS 

MACHINE 
WORK 

GRINDING 
MACHINES 
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ROBERTS   FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


THE  H.   B.  SMITH  CO. 

WESTFIELD,  MASS. 

Sectional  Cast   Iron  Water  Tube  and   Return  Flue   Boilers.      Also 
Direct  and  Indirect  Radiators  for  Steam  and  Water  Warming. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
bins,  J.  Kiddoll  and  discussion,  price  $1.10;  No.  1335.  Variable-speed  Power  Transmission: 
G.  H.  Harms  and  C.  M.  Menly,  price  $0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving: 
S.  Haar,  price  $0.20;  No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth, 
price  $0.50. 


BALL   BEARINGS 


BALL 
BEARINGS 


BALL 
BEARINGS 


BALL 
AND 
ROLLER 
BEARINGS 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings, 
Auburn  Special  Ball  Thrust  Bearings,  Auburn  Steel,  Bra.ss  and  Bronze 
Balls,  Solid  and  Hollow. 


THE  FAFNIR  BEARING  COMPANY 

NEW  BRITAIN,  CONN. 

Sales  Agents:  The  Rhineland  Machine  Works  Co.,  140  W  42nd  St.,  New  York  City. 

High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest 
standards  of  accuracy  in  the  world. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.    Steel,  Bronze  and  Brass  Balls. 


43 


CONDENSED 
CATALOGUES 

OF 

MECHANICAL 
EQUIPMENT 

SECTION  ONE  (Part  Two) 

Power  Plant  Equipment 

Other  sections  of  the  Gjndensed  Catalogues  to  be  published  in  subsequent 
issues  of  The  Journal  during  1913  will  include  Hoisting,  Elevating  and 
Conveying  Machinery,  Industrial  Railway  Equipment,  Power  Transmission 
Machinery,  Electrical  Elquipment,  Metal  Working  Machinery,  Machine  Shop 
and  Foundry  Equipment,  Steel  and  Rolling  Mill  Equipment,  Pumping 
and  Hydraulic  Machinery,  Mining  and  Metallurgical  Equipment,  Heating 
and  Ventilating  Apparatus,  Refrigerating  Machinery,  Air  Compressors  and 
Pneumatic  Tools,  and  Engineering  Miscellany. 

At  the  close  of  the  year  the  entire  collection  of  Condensed  Catalogues  will  be 
reprinted  in  volume  form. 


THE  AMERICAN  SOCIETY  of 
MECHANICAL  ENGINEERS 


Steam  Engines 


MCINTOSH   &  SEYMOUR  CO. 

AUBURN,  N.  Y.,  U.  S.  A. 
STEAM   ENGINES 


SINGLE  CYLINDER  AND  TANDEM  COMPOUND  ENGINES 

100  to  750  horse  power.    Speeds  up  to  257  R.  P.  M. 

This  is  a  modern,  positive-feed  self-oiling,  enclosed  type  of  engine  recently- 
introduced  with  marked  success.  The  extreme  simplicity  is  the  result  of  im- 
provements suggested  by  twenty  years'  experience  in  building  gridiron  valve 
engines.  This  makes  the  engine  less  expensive  and  also  makes  it  desirable  to 
extend  the  range  of  sizes  to  smaller  power?  and  higher  speeds  without  sacrificing 
any  of  the  advantages  of  this  type  in  the  line  of  sustained  economy,  durability, 
and  good  running  qualities. 


CROSS  COMPOUND  ENGINES 

200  to  1500  horse  power.    Speeds  up  to  257  R.  P.  M. 

Vertical  Engines.     250  to  4500  H.  P. 

Horizontal  Engines.     250  to  4000  H.  P. 

Combined  Horizontal-Vertical  Engines.     750  to  9000  H.  P. 

Also  Horizontal  High  Speed  Piston  Valve  Engines  of  from  25  to  500  H.  P. 
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Steam  Engines 


THE  HOOVEN,  OWENS,  RENTSCHLER 

COMPANY 

HAMILTON,  OHIO 

CORLISS  ENGINES,  SLOW  AND  MEDIUM  SPEED  WITH  RELEASING 
GEAR;  CORLISS  HIGH  SPEED  ENGINES  WITH  NON-RELEASING  GEAR; 
HIGH  DUTY  PUMPING  ENGINES;  AIR  AND  GAS  COMPRESSORS. 


Cross-Compound  Direct-Connected  Corliss  Engine 

HAMILTON  CORLISS  HEAVY  DUTY  ENGINES  WITH  ONE-PIECE  FRAME 
FOR  DIRECT  CONNECTION  TO  GENERATOR  OR  BELT  DRIVE  FOR 
HEAVY  MILL  SERVICE. 

Scientifically  designed  to  meet  the  severest  demands  of  modern  practice;  built  for  high  steam 
pressures  and  greater  rotative  speeds  than  customary,  equipped  with  sensitive  governor,  insuring 
extremely  close  regulation.     Every  line  suggests  rigidity  and  stability. 

Steam  and  exhaust  passages  in  the  cylinders  are  very  large,  permitting  low  steam  velocity, 
indicator  cards  showing  horizontal  admission  and  exhaust  lines;  volumetric  clearance  small,  reduc- 
ing steam  consumption.  Steam  and  exhaust  mechanism  are  usually  operated  by  separate  eccen- 
trics, giving  long  range  cut-off.  Valves  double  ported  and  motion  of  all  parts  small,  consistent 
with  good  practice. 

The  valve  gear  as  shown  is  of  the  releasing  gravity  type  and  is  compact  and  simple,  having 
very  few  parts.  It  operates  noiselessly  and  positively  at  speeds  up  to  and  including  IGO  IIPM 
and  being  a  gravity  gear  the  latch  drops  into  place  without  the  necessity  of  springs.  The  parts 
subject  to  stresses,  such  as  latch  and 
cam  levers,  are  steel  forgings,  abso- 
lutely safe  against  breakage,  and 
the  entire  valve  gear  is  carried  close 
to  the  cylinder,  avoiding  excessive 
overhang. 

Frame  is  of  the  Rolling  Mill  type 
and  cast  in  one  piece;  it  has  a  broad 
footing  on  the  foundation  for  its 
entire  length  and  extends  around 
and  under  crank  disc. 

Special  tools  are  used  for  machin- 
ing large  castings,  such  as  ejlinder 
or  frame,  at  one  setting,  insuring 
perfect  alignment. 

We  build  our  heavy  duty  and 
high  speed  engines  in  both  the  hori- 
zontal and  vertical  single  cylinder 
or  compound  design. 

Hamilton  Corliss  Gravity  Valve  Gear 
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Steam  Kngines 

THE  HOOVEN,  OWENS,  RENTSCHLER 
COMPANY 


Tandem  Compound  Corliss  Rolling  Mill  Engine 

TANDEM    COMPOUND    HAMILTON    HIGH    SPEED    CORLISS    ENGINE 
WITH  VARIABLE  SPEED  VALVE  GEAR 

This  engine  is  equipped  with  positive  driven  valve  gear  and  link  motion  with  variable  speed 
hand  regulating  cut-ofF  mechanism  and  is  arranged  for  direct  connection  to  centrifugal  pump  or 
blower.  It  is  provided  with  a  fly  ball  governor,  attached  to  a  quick  closing  auxiliary  throttle 
valve.  The  frame  used  in  this  engine  is  of  same  design  as  our  heavy  duty  engine  and  the  speed 
is  usually  from  125  to  175  RPM. 


Single  Cylinder  DirecUConnected  Corliss  Engine 

SINGLE  CYLINDER  AND  COMPOUND  HAM- 
ILTON HIGH  SPEED  CORLISS  ENGINE  WITH 
NON-RELEASING  VALVE  GEAR 

This  engine  is  adapted  for  all  speeds  from  125  to  200  RPM. 
It  is  made  from  our  regular  Corliss  patterns,  with  changes  in 
the  valve  gears  to  meet  the  demand  for  higher  speeds  than  are 
possible  with  the  releasing  gear  and  dash  pots. 

This  engine  is  entirely  in  a  class  by  itself  and  is  different  from 
the  so-called  "four  valve  engine."  The  valve  movement  is  as 
near  the  regular  Corliss  movement  as  it  is  possible  to  make, 
without  a  hook  and  dash  pot  release.  The  mechanism  is  such 
that  the  valves  move  during  the  balanced  period,  giving  high- 
est economy  and  least  wear.  The  rocker  arms,  etc.,  are  as 
light  as  possible  consistent  with  strength,  reducing  inertia 
forces  to  a  minimum. 

The  valve  stems  are  equipped  with  special  spherical  metallic 
packing  of  our  own  design  (patented),  eliminating  the  use  of 
stuffing  boxes.  The  entire  valve  gear  sets  close  to  the  cylinder, 
as  shown  in  the  illustration. 

The  gdvernor  used  on  this  engine  is  of  the  shaft  type  (pat- 
ented) and  is  different  from  any  other  manufactured.  Itis 
arranged  so  that  the  governor  weights,  springs  and  eccentrics 
are  in  perfect  gravity  balance  at  all  speeds,  making  it  possible 
to  equalize  the  steam  distribution  in  each  end  of  the  cylinder. 
Another  feature  of  importance  is  that  the  spring  is  attached  to 
the  weight  in  such  a  manner  that  its  force  and  the  centrifugal 
force  of  the  weight  are  nearly  opposite,  making  the  resultant 
force  and  the  wear  on  the  weight  pin  very  small  indeed. 

Every  detail  of  our  engines  receives  great  care  and  is  fully 
described  in  our  bulletins  issued  at  frequent  intervals. 
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23  Million   Gallon   High  Duty 
Pumping  Engine 
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Steam  Engines 


SKINNER  ENGINE   COMPANY 

ERIE,  PA. 

Branches  in  2S  Cities 

BUILDERS  OF  HIGH  GRADE  AUTOMATIC  ENGINES 


SKINNER  ENGINES 
Side  and  Center  Crank,  Single  Cylinder,  Tandem  and  Cross  Compound 

All  Skinnor  Engines  are  equipped  with  steam-tight  valves,  and  therefore  main- 
tain their  economy  for  years. 


A  single-valve  Skinner  Engine  will  give  better  economy  after  six  months' 
operation  than  any  High  Speed  Four-Valve. 


The  Skinner  Double-Eccentric  Compounds  have  established  American  records 
for  economy.  Two  engines,  tested  fourteen  months  after  starting,  and  without 
re-fitting  of  valves,  showed  the  following  economies,  with  132  jjounds  steam 
pressure  (saturated)  and  atmospheric  exhaust 

400  H.P.,  17.81  pounds  per  I.E. P.  per  hour. 

320  H.P.,  18.13  pounds  per  I.H.P.  per  hour. 
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Steam  Engines 


ROBT.    WETHERILL   k   CO.,    Inc. 

CHESTER,   PENNA. 

CORLISS  RELEASING  GEAR  ENGINES;  CORLISS  PUMPING  ENGINES; 
ELEVATORS,  HYDRAULIC  PLUNGER  AND  ELECTRIC,  FOR  PASSENGER 
AND  FREIGHT  SERVICE;  BOILER  AND  PLATE  WORK;  COMPLETE 
POWER  PLANTS;   HEAVY  MACHINERY   FROM  ENGINEERS'  DESIGNS 


CORLISS  RELEASING  GEAR  ENGINES 

We  manufacture  Engines,  Simple  and  Compound  Types,  Condensing  and 
Non-Condensing,  sizes  ranging  from  50  H.P.  to  3000  H.P.  for  various  services, 
such  as  for  driving  Direct  Connected  Generators,  Rolling  Mills,  Air  Com- 
pressors, Electric  Light,  and  Railway  Power  Plants. 


Our  Tangye  design,  especially  adapted  for  the  requirements  of  Electric 
Railway,  Rolling  IVIill,  and  other  heavy  duty  service,  where  the  power  is  centred 
in  units  of  from  500  to  3000  H.P.  and  above.  Our  Pumping  Engines  for  water 
supply  have  proven  reliable  in  service  and  capable  of  a  high  duty. 

Our  capacity  and  facilities  ample  for  work  of  the  largest  magnitude.  Esti- 
mates furnished  for  the  construction  of  special  steam  motive-power  for  all  pur- 
poses. Elevators — Hydraulic  Plunger  and  Electric.  Special  Heavy  Ma- 
chinery from  Engineers'  designs.     Boiler  and  Plate  Work. 


47 


Oil  Engines 


BUSCH-SULZER  BROS.DIESEL 
ENGINE  COMPANY 

ST.  LOUIS,  U.  S.  A. 
THE  DIESEL  ENGINE  MANUFACTURERS 


These  engines  are  the  most,  economical  prime  movers  known. 

Use  crude  or  cheapest  grade  fuel  oils  or  distillates. 

Do  not  require  heating  up  to  start — Have  no  electric  or  hot  tube  igniters. 

Combustion  gradual — no  explosion;  fuel  fed  automatically  from  fuel  tank  into 
combustion  chamber  and  amount  injected  governed  by  load  on  engine. 

Start  cold  and  pick  up  full  load  in  2  or  3  minutes — stopped  as  readily — cut  out 
stand-by  losses — operate  in  parallel  alternating  or  direct  current  generators. 

Over  70,000  H.P.  built  in  the  U.  S.  and  in  operation  in  various  lines  of  industry 
in  26  States. 

Let  us  figure  on  your  proposition — Record  of  tests  of  plants  in  operation  for 
the  asking. 
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Oris  Efujines  dud  Producers 


THE  OTTO  GAS  ENGINE  WORKS 

HOME  OFFICE  AND  WORKS,  PHILADELPHIA,  PA. 

NEW  YORK        CHICAGO        KANSAS  CITY 

"OTTO"  ENGINES  ARE  DESIGNED  TO  OPERATE  ON  CITY  OR  NATURAL  GAS,  PRO- 
DUCER GAS,  GASOLINE,  DISTILLATE  AND  ALCOHOL.  ADAPTED  FOR  ALL  POWER 
PURPOSES  — PUMPING  PLANTS  — STATIONARY  AND  PORTABLES,  HOISTING  RIGS, 
HIGH  AND  LOW  VOLTAGE  ELECTRIC  LIGHTING  PLANTS.  DIRECT-GEARED  AIR 
COMPRESSORS.  STATIONARY  AND  PORTABLES.  HEAVY  DUTY  ENGINES  FOR 
MANUFACTURING  INDUSTRIES. 


Otto  Suction  Gas  Producer  and  Latest  Throttling  Governor  Engine 


THE  OTTO  SUCTION  GAS  PRODUCER 

The  "Otto"  Suction  Gas  Producer  converts  the  heat  of  anthracite  coal,  char- 
coal, or  coke  into  producer  gas  or  semi-water  gas,  containing  a  certain  amount 
of  carbon  monoxide  and  hydrogen,  and  having  a  heating  value  of  approximately 
130  to  140  B.T.U.  per  cu.  ft.  The  loss  due  to  purifying  and  cooling  of  the  gas, 
etc.,  is  only  about  20  per  cent,  so  that  80  per  cent  of  the  total  heating  value  of 
the  fuel  is  available  for  j:)o\ver  or  heating  purposes,  as  against  about  15  to  20 
per  cent  in  the  average  steam  plant. 

The  complete  producer  consists  of  three  cylindrical  tanks;  one  being  the  pro- 
ducer proper  containing  the  fire  and  carrying  at  the  top  the  eva]>orator  or  moist- 
ener;  the  second  is  the  scrubber  filled  almost  to  the  top  with  coke,  and  the  third 
is  the  gas  receiver  which  acts  as  a  small  storage  tank  for  the  finished  gas. 

All  precautions  have  been  taken  to  make  "Otto"  Gas  Producers  and  Gas 
Engines  absolutely  safe  and  reliable  and  they  are  listed  and  approved  by  the 
National  Board  of  Underwriters. 

ECONOMY 

When  using  coal  of  suitable  quality  the  fuel  consumption  is  guaranteed  not 
to  exceed  ij^  lb.  per  brake  h.  p.  per  hour  during  full  load  runs.  Actual 
practice  has  shown  considerably  more  favorable  results,  as  we  have  records  of 
many  large  plants  operating  on  less  than  one  lb.  per  h.  p.  hour. 

"Otto"  horizontal  engines  are  built  in  all  sizes  from  4  to  300  h.  p. 

Bulletins  No.  10  and  24  and  booklets  No.  6  and  8  furnish  complete  in- 
formation.    Mailed  upon  request. 
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THE  BIGELOW  COMPANY 

New  York  Office     Wokks  and  M  \in  Oifice,  ajL^U^   VT  \  ^^T^  V     COW      Boston    Office 
85  Liberty  St.  70  River  St.  IM^  W    n  A  \  1  ..\  ,   V    V  ^.N  .\  .       ,41  Milk  St. 

FIRE  TUBE  AND  WATER  TUBE  STEAM  BOILERS;  DIGESTERS,  CRYS- 
TALLIZERS,  VULCANIZERS,   AND  HEAVY  PLATE  STEEL  WORK. 


Cross  Sectional  View 
Through  the  Brickwork 


THE  BIGELOW-HORNSBY  WATER  TUBE  BOILER 

Features  of  flic  Higelow-Hornsby  Boiler  that  meet 
the  requirements  of  Modern  Power  House  Practice: 

Unlimited  size  of  units. 

Small  ground  space  occupied. 

Coldest  water  meets  the  coldest  gases. 

Direct  heating  surface  about  four  times  as  great 
as  the  average  water  tube  boiler. 

All  parts,  both  e.xternal  and  internal,  readily  ac- 
cessible. 

All  boiler  tubes  perfectly  straight. 

Circulation  of  water  and  liberation  of  steam  un- 
restricted. 

Very  dry  steam,  also  ample  room  for  superheaters 
where  required . 

High  continuous  economy  due  to  extreme  clean- 
liness of  the  most  efficient  heating  surface. 

Arrangement  of  baffling  is  unique,  causing  the 
gases  to  pa.ss  over  the  heating  surface  in  thin 
streams  and  uniformly  at  every  point. 

Furnace  arrangement  is  ideal  for  securing  perfect 
combustion,  as  furnace  is  correctly  shaped  and  of  ample  size. 

Greatest  flexibility,  both  as  to  construction  and  in  steaming  qualities. 
No  cast  iron  used  in  any  portion  of  the  boiler  proper. 

Constructed  both  as  to  workmanship  and  material  in  accordance  with  the 
most  advanced  boiler  practice. 

THE  BIGELOW-MANNING  BOILER 

This  type  of  boiler  can  be  constructed  suitable  for  200  pounds  work- 
ing pressure  or  more,  in  units  up  to  .500  H.P.  The  shell  sheets  being 
away  from  contact  with  the  fire  permits  the  use  of  any  thickness  of 
shell  necessary  for  high  pressures.  Another  feature  conducive  to  safe 
operation  is  the  firm  support  of  the  boiler,  which  is  accomplished  in 
the  Bigelow-Manning  type  by  having  a  firm  foundation  upon  which 
the  cast  iron  base  rests,  without  relying  upon  the  support  of  setting 
walls  or  expensive  structural  work. 

The  economical  evaporative  performance  of  the  Bigelow  Manning 
Boiler  is  remarkable.  All  radiant  heat  from  the  fuel  bed  is  absorbed 
directly  by  water-heating  surface,  the  distribution  of  the  furnace  gases 
over  the  heating  surface  is  practically  uniform,  the  superheat  furnished 
is  varied  by  changing  the  water  level,  there  are  no  losses  due  to  the 
infiltration  of  air  in  the  setting  and  stand-by  losses  are  comparatively 
small,  occupying  per  H.P.  much  less  ground  space  than  other  types. 

HORIZONTAL  RETURN  TUBULAR  BOILER 

The  ailvantag(\s  of  compactness  and  effi- 
ciency, large  direct  heating  surface,  easy 
cleaning,  large  liberating  surface,  perfect  cir- 
culation and  minimum  liability  and  ease  of 
repairs  are  well  known  features  of  this  type 
of  boiler. 

Our  boilers  are  constructed  in  the  most 
approved  manner;  we  adopt  the  very  highest 
type  of  professional  and  mechanical  service, 
entleavoring  to  maintain  the  highest  possible 
standard  of  efhciencj^  and  believe  our  facil- 
ities for  boiler  construction  are  without  a 
parallel. 


1  Beam  Suspension  Type  of  H.  R.  T. 


Boilers 


JOHN  O'BRIEN  BOILER  WORKS  CO. 

ST.  LOUIS,  MO. 


WATER  TUBE  AND  TUBULAR  BOILERS;  IMPROVED  O'BRIEN-HAWLEY 
DOWN  DRAFT  FURNACE. 


WATER  TUBE  BOILERS 


VERTICAL  TYPE 

The  O'Brien  Vertical  Water  Tube  Boiler  was  de- 
signed to  insure  simplicity  and  durability  of  con- 
struction together  with  absolute  safety  and  the 
highest  obtainable  economy.  The  complete  boiler 
consists  of  but  two  component  parts,  the  drums  and 
the  flues. 

The  drums  are  cylindrical  in  shape  with  heads 
dished  to  the  proper  radius  to  avoid  bracing.  Tlie 
shell  and  heads  are  made  of  open  hearth  homo- 
geneous steel  of  60,000  pounds  tensile  strength  and 
riveted  to  suit  the  pressure  required,  thickness  of 
material  considered. 

The  Tubes  are  bent  to  a  uniform  radius  at  either 
end  and  can  be  reversed  from  top  to  bottom  or  can 
be  used  in  the  corresponding  row  front  or  back. 
They  are  so  spaced  with  sufficient  area  between 
each  nest  of  two  tubes  to  permit  removal  or  re- 
placing easily. 

The  boiler  is  suspended  by  the  upper  drum,  rest- 
ing in  saddles  supported  on  a  substantial  gallows 
frame  of  structural  steel  and  is  suspended  abso- 
lutely free  of  the  brickwork. 


HORIZONTAL  TYPE 
Design  B.    Vertical  Baffle 

The  O'Brien  Horizontal 
Water  Tul^e  Boiler  consists  of 
one  or  more  steam  and  water 
drums  to  which  is  securely 
riveted  a  front  and  rear  water 
leg  or  header.  The  drums  are 
perfectly  level  when  the  boiler 
is  in  position. 

The  tubes  are  expanded  into 
the  headers  in  straight  hori- 
zontal and  staggered  vertical 
rows  and  are  inclined  1"  to  the 
foot.     A  greater  pitch  can  be 

had  if  desired.     The  outside  diameter  of  the  tubes  i 
4"  outside  diameter  tubes  if  specified. 

Design  A  has  horizontal  baffles  and  the  Steam  and 
the  tubes. 


We  manufacture  Horizontal  Tubular  Boilers,  Tanks,  Stacks,  etc.,  and  are  the 
originators  of  the  Hawlev  Down  Draft  Furnace. 
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HEINE  SAFETY  BOILER  COMPANY 

ST.  LOUIS,  MO. 

SHOPS:  St.  Louis,  Mo.  Phoenixville,  Pa. 

New  York  Boston  Philadelphia 

Cincinnati  Chicago  New  Orleans 

Pittsburgh 

HEINE    SAFETY    WATER    TUBE    BOILERS,    HEINE    PATENT    STEAM 
SUPERHEATERS,  STEEL  STACKS,  HOUSINGS,  FLUES,  ETC. 


THE  HEINE  BOILER 


The  Heine  Boiler  consists  of  three  parts:  the  drum  or  shell,  the  front  and  rear   headers  and 
the  tubes. 

The  partially  consumed  gases  rising  from  the  fuel  bed  are  completely  burned  in  the  combus- 
tion chamber  under  the  fire  brick  baffle  placed  on  the  lower  row  of  tubes 
and  then  pass  parallel  to  the  boiler  tubes  from  the  rear  to  the  front 
of  the  boiler,  and  finally  over  the  upper  baffle  and  under  the  shell 
and  up  the  stack. 

The  water  is  fed  into  the  mud  drum  where  the  sludge  is  deposited 

and  readily  blown  out.     The  water  rises  out  of  the  drum  as  it  is  heated 

and  circulates  down  the  rear   header   through  the   tubes  and  up  the 

front  header.    A  free  passageway  for  the  steam  and  water  is  provided 

by  the  large  throat  area  at  the  junction 

of  the  boiler  shell  and  the  headers.     This 

construction  is  shown  at  the  left  and  is  to 

be  contrasted  with  those  typos  of  boilers 

in  which  the   water   circulation   is  badly 

congested. 

This  large  throat  area  means  dry 
steam,  because  the  velocity  of  the 
steam  is  low,  and  therefore  its  capacity 
for  carrying  water  is  a  minimum.  Dry 
steam  is  further  insured  b.v  pro\iding  a 
separator  within  the  boiler.  The  steam 
must  make  a  complete  turn  around  the 
(Icfiection  plate,  which  may  be  seen  in  the 
illustration  and  it  must  make  another  com- 
plete turn  in  passing  through  the  dry  pan. 
For  further  information  regarding  mod- 
ern boiler  practice,  and  the  efficiency  of 
the  Heine  Boiler,  send  for  "Boiler  Logic" 
and  our  book  "Helios." 
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HEINE  SAFETY  BOILER  COMPANY 


THE  HEINE  SUPERHEATER 


Heine  boiler,  equipped  with  a  Heine  Superheater; 
chart  to  right  shows  the  close  regulation  of  super- 
heat temperature  obtained. 


The  Heine  Superheater  may  be  installed  on  any  type  of  boiler  in  new  or  old 
installations.  Each  unit  consists  of  a  header  or  b(jx  into  one  side  of  which  are 
inserted  U  tubes  of  l^^  inf'h  seamless  drawn  mild  steel  tubing  expanded  into 
holes  i)rovided  for  them.  The  int^-rior  of  the  box  is  divided  into  three  compart- 
ments and  the  steam  makes  four  passes  through  the  tubes. 

Heine  Superheaters  are  installed  to  the  side  of  the  boiler  drum  in  a  rmall 
superheater  cluunlier  forming  a  part  of  the  main  boiler  setting  aiul  communicat- 
ing with  the  furnace  by  a  flue  through  which  a  small  part  of  the  furnace  gases 
flow.  The  gases  make  two  passes  over  the  superheater  tubes  flowing  out  at  the 
front,  whence  they  pass  under  the  boiler  drum  to  the  main  uptake. 

The  volume  of  hot  gases  is  controlled  automatically  or  by  hand  by  a  damper 
in  the  outlet  of  the  superheater  chamber  and  the  temperature  of  the  superheated 
steam  may  be  regulated  to  within  5°  to  10°  of  any  desired  mean.  Superheaters 
equipped  with  automatic  temperature  regulators  will  respond  rapidly  to  any 
changes  and  constant  superheat  will  be  maintained  regardless  of  variations  of 
furnace  temperature  or  load. 

When  the  load  goes  off,  the  superheater  damper  closes  and  the  superheater 
tubes  act  sim])ly  as  additional  steam  reservoir  space.     Flooding  of  the  super- 
heater is  unnecessary,  with  the  added  and  important  advantage  that  no  scale- 
forming  impurities  are  deposited  within  the  tubes. 

Another  point  about  Heine  Superheaters  is  that   the 

header  box  is  con- 
structed with  hol- 
low stay-bolts, 
similar  to  the  con- 
struction of  Heine 
water  legs,  and 
therefore    steam 
nozzles    can   be 
readily  inserted  for 
cleaning  soot  from 
the     superheater 
tubes.  No  other  superheater  can  be 
cleaned   from  soot  so  quickly, 
cheaply  and  effect  ivelj-. 

For  further  information  write  for  reprint  "  Superheat- 
ing," booklet  "Superheater  Logic"  and  other  literature. 
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DETROIT  STOKER  COMPANY 


DETROIT,  MK^II. 
THE  DETROIT  STOKER 


Front  view  of  two  !-1okers  in  one  battery  to  be  operated  by  either  a  fully  endowed, 

adjustable  speed,  double  engine  or  electric  motor,  as  preferred. 

Stokers  may  l)e  operated  by  hand  when  desired. 

The  openings  through  the  front  admit  air  for  combustion.    The  even  di:  fribu- 

tion  of  fuel  on  the  grates  insures  high  overload  and  good  efficiency. 


Rear  view  showing  the  double  arch  construction  used  when  the  stokers  are 
installed  with  the  extension  setting.  Air  admitted  through  the  front,  under  con- 
trol, is  heated  between  the  arches  and  enters  through  openings  directly  over  the 
coking  coal  as  it  is  fed  from  the  coal  magazines  at  the  ui^per  end  of  the  grates  on 
both  sides. 

Each  alternate  grate  is  operated  by  links  connected  to  the  operating  bar  in  front 
and  have  a  slicing  motion  to  keep  the  entire  bed  of  fire  moving  towards  the 
center  of  the  furnace.  The  movement  of  the  vibrating  grates  prevents  the 
clinkers  from  forming  on  the  grates. 

The  clinker  crushers  at  the  bottom,  having  a  continuous  motion,  grind  the  clin- 
kers and  deposit  the  refuse  in  the  ashpit  below. 
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ILLINOIS  STOKER  COMPANY 

ALTON,  ILLINOIS,  U.  S.  A. 
MANUFACTURERS  OF  CHAIN  GRATE  STOKERS 


THE  ILLINOIS  STOKER 
COMPANY'S  GRATE  STOKER 

The  general  view  of  this  Stoker  is 
given  in  the  illustration  herewith.  The 
coal  is  supplied  to  the  traveling  grate; 
from  the  hopper,  shown  in  the  upper 
front  i)art  of  the  furnace.  The  grate 
in  carrying  the  coal  into  the  furnace 
passes  under  an  adjustable  gate  which 
can  be  raised  to  give  any  desired  thick- 
ness of  fuel  bed  up  to  twelve  inches  by 
turning  the  hand  wheel  at  the  top  of 
the  Stoker.     The  adjustment,  together  '      ' 

with  the  variable  speed  at  which  it  is 

possible  to  operate  the  grate  by  means         Showing  driving  mechanism  of  Stoker 
of  the  speed  adjusting  lever  shown  on  the  driving  mechanism,  makes  it  possible 
to  feed  any  desired  number  of  pounds  of  coal  per  square  feet  of  grate  surface  per 
hour  into  the  furnace. 

By  controlling  the  thickness  of  the  fuel  jjed  and  speed  with  which  the  coal  is 
fed  into  the  furnace,  it  is  possible  to  obtain  any  desh-ed  load  from  the  boiler  with 
coal  of  either  very  high  or  very  low  heat  value,  or  coal  very  small  or  coarse  in  size. 

By  raising  or  lowering  the  gate  and  determining  the  thickness  of  the  fuel  bed, 
which  is  fed  into  the  furnace,  proper  allowance  can  be  made  for  the  burning  of 
coal  of  various  sizes.  For  examj^le:  Assuming  that  the  draft  over  the  fire  is  con- 
stant, the  larger  size  of  coal  will  have  larger  air  spaces  between  the  individual 
pieces  of  coal  than  a  coal  of  smaller  size,  so  that  with  a  given  draft  more  air  will 
be  forced  through  a  coal  bed  six  inches  thick  while  burning  the  larger  size  of  coal 
than  will  be  forced  through  the  same  thickness  while  using  coal  of  a  smaller  size. 
Atljustment  should  therefore  be  made  in  each  case  so  as  to  obtain  the  proper 
amount  of  air  through  the  coal  for  the  proper  burning  of  the  particular  kind  of 
coal  used. 

The  ease  with  which  the  gate  can  be  lowered  or  raised  in  the  Illinois  Stoker 
makes  it  feasible  to  maintain  the  proper  thickness  of  the  fuel  bed  for  each  kind 
of  coal  supplied  to  the  furnace.  The  exact  thickness  of  the  fuel  bed  is  at  all  times 
indicated  in  inches  by  the  gauge  shown  just  above  the  handle  for  raising  the  gate. 

Attention  is  called  to  the  solid  construction  of  the  side  frame  of  this  Stoker, 
which  is  cast  in  one  single  piece  from  the  front  to  the  rear  of  the  Stoker,  so  that 
the  entire  chain  and  driving  mechanism  is  supported  on  this  single  solid  casting. 
This  construction  is  found  only  in  the  Illinois  Stoker  and  makes  it  the  most  rigid 
and  substantial  Stoker  on  the  market.  Note  the  heavy  ribs  on  all  edges  of  the 
side  frame. 

GOOD  FEATURES  OF 

ILLINOIS  STOKER 

Heavy  Castings  throughout  and  Rigid  Bra- 
cing. Sprockets  engage  on  Rollers,  not  on 
rods.  Evenness  of  chain  due  to  close  spacing 
of  rollers.  Uniform  distribution  of  air  supply 
through  coal.  Patented  air  baffling  system  in 
rear  of  grate.  Large  combustion  space  due  to 
Inclined  grate.  Excellent  speed  controls. 
Short  Link.  Minimum  loss  of  coal  through 
t;rate.  Independent  flat  ignition  arch.  Gen- 
eral appearance  and  mechanical  design.  Drums 
are  used  on  the  rear  end  instead  of  sprockets, 
hence  there  are  no  rear  sprockets  to  cause 
trouble. 

Complete  illustrated  catalogue  mailed  on 
Illinois  Stokers  in  operation  request. 
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LACLEDE-CHRISTY  CLAY  PRODUCTS 
COMPANY 

ST.  LOUIS,  MISSOURI 

"LACLEDE-CHRISTY"    CHAIN    GRATE    STOKERS;    CLAY    PRODUCTS 
AND  REFRACTORIES;  INDUSTRIAL  PLANT  CONSTRUCTION. 


CHAIN  GRATE  STOKER  DEPARTMENT 


now  required  by  modern  power  plant  operation, 
ai'e  all  that  ingenuity  of  design,  carefulness  in 
watchfulness  in  construction  can  make  them. 

vSecond  in  importance  to  the  mechanically  per- 
fect stoker  is  the  arrangement  and  construction 
of  the  stoker's  setting  and  surrounding  brick 
work  which  forms  the  furnace  space.  Such  mat- 
ters as  low  maintenance  cost,  smokelessness, 
economy  and  high  rates  of  burning  are  more 
essentially  matters  of  the  design  and  construc- 
tion of  the  furnace,  which  features  receive  our 
s])(>ci;il  attention.  Our  several  engineering  de- 
])arlmcnls,  each  making  a  specialty  of  an  indus- 
ti'ial  furnace,  supplies  a  wide  experience  in  the 
burning  of  fuels.  We  manufact  ure  all  refractory 
material  required  in  boiler  and  furnace  settings, 
such  as  flame  plates  or  baffle  tile,  boiler  tube 
tile,  special  bridge  wall  tile,  furnace  blocks,  and 
all  types  of  ignition  arch  tile. 


There  is  a  striking 
individuality  in  the 
"  Laclede-Christy  " 
Chain  Grate  Stoker 
springing  from  its  dis- 
tinctive f eat ures.  These 
are  carried  uniformly 
throughout  the  entire 
range  of  standard  sizes 
from  the  smallest  to 
those  of  unusually  heavy 
pattern  built  for  the 
largest  of  boiler  units 
and  designed  for  the  ex- 
treme high  capacities 
Mechanically,  these  stokers 
the  selection  of  material  and 


Stoker  Applied  to  Water  Tube  Boiler 

"Laclede-Christy"  Patented  Flat  Suspended 
Arches  are  built  in  all  sizes  and  are  used  exten- 
sively for  ignition  arches  for  all  types  of  chain 
giate  stokers,  Stirling  l)()iler  arches,  crowns  of  in- 
du'^tiial  furnaces,  and  all  cases  where  service  and 
conditions  are  such  that  radial  arches  are  difficult 
to  maintain.  These  patented  arches  are  built  of 
our  very  highest  grades  of  refractory  material, 
and  the  heavy,  rigid  construction  of  the  self  con- 
tained supporting  structure  furnishes  an  uiuisually 
durable  construction. 


"  Laclede-Christy  "  Hollow  Slack  Linings  are  light,  durable, 
installed  with  little  expense,  and  especially  adapted  for  lining 
steel  or  brick  stacks  of  large  dimensions. 


Automatic  Smokeless  Furnaces 


THE   MODEL  STOKER  COMPANY 

DAYTON,    OHIO 
THE  MODEL  AUTOMATIC   SMOKELESS  FURNACE 


We  manufacture  exclusively  the  Model  Automatic  Smokeless  Furnace.  An 
automatic  furnace  for  power  boilers  which  both  stokes  and  cleans  the  fire,  in- 
suring practically  complete  or  smokeless  combustion,  decided  economy,  superior 
utility,  durability  and  low  cost  of  maintenance. 

It  is  an  advance  development  of  the  double  or  side  feed  type. 

All  parts  are  well  protected  against  destructive  heat  and  readily  adjustable  to 
suit  requirements.    Stoker  engine  uses  only  about  ^2  of  1%  of  steam  made. 

Any  or  all  parts  can  be  operated  by  hand.  Combustion  is  complete  in  fire 
chamber,  and  there  is  no  smoke  even  when  heat  gases  pass  directly  from  under 
the  arch  to  the  water  surface  of  boiler. 

The  improved  construction  renders  it  the  most  durable  and  most  efficient 
furnace  in  use.  Requires  less  fuel,  less  labor  and  less  cost  for  maintenance  for 
anj'  given  duty.  Uses  successfully  any  soft  coal  of  feedable  size.  Responds 
readily  to  any  variations  and  will  crowd  a  boiler  quickly  and  strong.  Adaptable 
to  any  style  of  boiler  and  to  every  class  of  duty  requiring  high  temperatures. 

Coal  can  be  supplied  by  gravity  or  by  hand  and  ash  removed  mechanicallj^  or 
by  hand. 

Improved  Construction  and  Operation 

The  improvements  embodied  in  the  Model  Automatic  pertain  to  simpler  and 
better  construction,  interchangeability  of  parts,  greater  durability,  ready  access 
and  minimum  cost  for  renewals,  adjustability  to  meet  varying  requirements  due 
to  variations  in  fuel  (,r  of  duf}',  regularity  of  fire,  variabte  to  miK  requirement.-, 
constant  automatic  cleaning  of  fire,  insuring  continuous  smokeless  coiubustion, 
greater  utility  and  minimum  labor  for  attendant. 

Its  efficiency  and  general  utility  is  admittedly  unequaled  )iy  anj-  other  type 
or  make  of  boiler  furnace. 

The  onlv  furnace  which  KEEPS  the  fire  CLEANED. 


Boiler  and  Metal  Furnaces 


THE   HAWLEY  DOWN  DRAFT 
FURNACE  CO. 

EASTON,  PA. 

BUILDERS    OF    THE    HAWLEY    DOWN    DRAFT    FURNACE    AND    THE 
HAWLEY  (SCHWARTZ)  METAL  MELTING  FURNACE. 


THE  HAWLEY  DOWN  DRAFT  FURNACE 


The  Hawley  Down  Draft 
Furnace  consists  of  two 
ji,rates:  a  water  tube  grate 
and  a  common  grate.  Tlie 
water  tube  grate  is  piped 
up  with  the  boiler  and  the 
water  circulates  through  it 
and  the  piping.  Coal  is 
fired  \\\)G\\  the  water  tube 
grate  and  the  flames  pass 
downward  instead  of  up- 
ward as  usual,  and  the 
gases,  distilled  from  the 
coal  by  the  heat,  are  burned 
as  they  are  driven  off.  The 
common  grate  is  placed  a 
^^  short    distance    under    the 

""^  '  water   tube   grate,    and   as 

the  upper  fire  is  worked,  the  coked  fuel  f;ills  on  it  and  a  further  burning  takes 
place.  Between  the  two,  therefore,  an  efficient  furnace  of  very  high  temperature 
results.  It  will  be  seen  that  conditions  for  the  entire  combustion  of  the  coal  are 
thus  fully  met.  The  heat  of  the  gases  is  made  available,  thereby  saving  fuel, 
while  heating  svn-face  is  added  to  the  boiler  and  its  natural  circulation  greatly 
intensified.  The  furnace  temperatures  arc  practically  uniform,  as  are  those  of 
the  water  in  the  boiler. 

The  resulting  advantages  may  be  summarized  as  follows:  (1)  Practical  Smoke- 
lessness — 95%  of  the  smoke,  when  burning  any  grade  of  bituminous  coal,  being 
prevented;  (2)  Additional  Capacity — 25  to  50%  laeing  added  to  the  rated  output 
of  the  boiler;  and  (3)  Saving  of  Fuel — coal  bills  being  reduced  from  10  to  20  i)er 
cent. 

THE  HAWLEY  (SCHWARTZ)  METAL  FURNACE 

An  improved  device,  using  oil 
or  gas  for  melting,  refining  or 
reducing  steel,  semi-steel,  grey 
iron,  brass,  bronze,  copper, 
aluminiun,  etc. 

Its  use  affords  economy  in 
space,  labor,  fuel  and  melting, 
and  such  savings  have  given  it 
a  well  defined  position  in  the 
metal  industry.  This  furnace 
possesses  advantages  over  cruc- 
ible ])roccss  and  those  interested 
should  have  our  special  cata- 
logue which  gives  vahuible  tech- 
nical information.  The  furnace 
is  made  regularlv  in  the  follow- 
ing sizes:  22",  32",  42",  60",  75" 
and  90". 
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Superheaters 

POWER  SPECIALTY  COMPANY 

111  JiliOADWAY,  XICW  YORK,  N.  Y. 

Boston  rliiladelphia  Chicago  I'ittsburg  Birmingham  San  Francisco 

FOSTER  SUPERHEATERS  ;  DUVAL  METALLIC  PACKING  ;  SUPER- 
HEATED STEAM  BRONZE  GASKETS,  HEENAN  MUNICIPAL  REFUSE 
DESTRUCTORS.  

THE  FOSTER  PATENT  SUPERHEATER 

The  Foster  Su])erlie;ifer  is  made  for  every  class  of  service,  cither  combined 
with  boilers  or  sei)arately,  in  four  g(>neral  tyjies,  as  follows:  (1)  Attached  Type 
for  superheating  up  to  2()()  deg.  Fahr.,  (2)  Separately  Fired  Type  for  any  range 
of  superheat  up  to  1200  C'Cg.  Fahr.,  (:5)  \\"aste-lleat  Type  for  steel  and  fabric 
mills  or  marine  practice  and  (4)  Portable  Type  for  heating  steam  or  air  with  oil, 

coal  or  gas  fires. 

CONSTRUCTION 

Those  features  of  construction  wliich  distinguish  the  Foster  Superheater  from 

all  other  types  are  chiefly  the  result  of  actual  experience  in  designing  and  building 

superheaters. 
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Sectional  View  of  Foster  Superheater  Element 

The  Foster  Superheater  consists  of  a  series  of  straight  elements  or  tubes  which 
are  generally  placed  parallel  to  each  other.  The  elements  are  joined  at  one  end 
to  manifolds  or  connecting  headers,  and  at  the  other  end  to  return  headers,  f(jr 
which  retui-n  bends  are  often  substituted.  The  elements  consist  of  straight 
seamless  drawn  steel  tubes,  on  the  outside  of  which  are  fitted  a  series  of  cast  iron 
annular  gills  or  flanges,  placed  close  to  each  other  and  carefully  shrunk  on  to  the 
tube  so  as  to  be  practically  integral  with  it,  at  the  same  time  exposing  an  external 
surface  of  cast  iron,  which  metal  is  best  adapted  to  resist  the  action  of  the  hot 
gases.  This  form  of  construction  is  flexible  and  durable,  providing  a  section  of 
great  ultimate  strength  and  entire  freedom  from  internal  strains.  The  ma.ss  of 
metal  in  the  tubes  and  covering  acts  as  a  reservoir  for  heat,  which  is  imparted 
to  the  steam  evenly,  tending  to  secure  a  constant  temperature  of  steam  in  spite 
of  fluctuations  in  the  temperature  of  the  hot  gases. 

Inside  of  the  elements  there  are  placed  other  tubes  of  wrought  iron,  closed 
at  each  end,  which  are  centrally  supported  by  means  of  knobs  regularly  spaced 
throughout  their  length.  A  thin  annular  passage  for  the  steam  is  thus  formed 
between  the  inner  and  outer  tubes.  The  steam  clinging  closely  to  the  heating 
surface  is  quickly  and  efficiently  heated. 

The  joints  at  the  ends  of  the  elements  are  made  by  expanding  the  steel  tube 
into  headers  which  are  of  wrought  steel. 

The  resulting  advantages  of  the  above  features  are  thus  summarized :  PERFECT 
STEAM  CIRCULATION,  ANY  DESIRED  TEMPERATURE,  UNIFORM 
SUPERHEAT  AND  FREEDOM  FROM  REPAIRS. 

DUVAL  METALLIC  PACKING 
is  extensively  used  for  superheated  and  saturated  steam,  also  for  steel  or  iron 
plungers  where  working  in  water  or  oil,  in  pumps  or  accumulators,  for  heavy 
pressures  from  500  to  2.')00  pounds  per  square  inch  of  pressure.  No  special  form 
of  stuffing  box  is  required.  The  packing  is  flexible,  made  of  fine  quality  wire 
plaited  into  square  forms,  and  is  easily  cut  with  wood  chisel.  It  is  adopted  in  the 
P^rench,  British  and  American  Navies. 

SUPERHEATED  STEAM  BRONZE  GASKETS 
give   excellent  satisfaction   in   flanged   joints   of   pipes   conveying  superheated 
steam.    They  are  corrugated  evenly  with  sharp  ridges.    The  metal  is  well  suited 
to  high  temperatures  and  has  elastic  properties  tending  to  maintain  tight  joints. 
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Mechanical  Draft 


AMERICAN  BLOWER  COMPANY 

DETROIT,    INIICII. 

MANUFACTURERS  OF  HEATING,  VENTILATING,  DRYING,  MECHAN- 
ICAL DRAFT  AND  BLAST  EQUIPMENT:  VERTICAL  SELF -OILING 
STEAM  ENGINES,  STEAM  TRAPS:  FANS  AND  BLOWERS  FOR  ALL 
PURPOSES. 


"SIROCCO"  FANS  AND  BLOWERS 


The  reason  why  "Sirocco" 
Fans  and  Blowers  are  U'^cd  in 
the  world's  largest  Industnal, 
Educational,  Office  and  Public 
Buildings,  —  A  "Sirurro"  Fan 
will  deliver  7nore  air,  conf<iiminy 
lexs  power  than  an  ordinary 
titeel  -plate  fan  twice  the  size. 

"Sirocco"  Fans  are  built  in 
sizes  with  capacities  from  To 
CFM  to  1,000,000  CFiM.. 

"Sirocco"  Fans  cost  less  to 
instal  on  account  of  their  small 
si-e,  less  to  operate  because  of 
their  high  mechanical  efficiency, 
less  to  maintain  because  of  their 
sound  construction  and  perfect  balance 


Sirocco"  Fan  Wheel 
or  Runner. 


Complete  information — capacity  tables,  etc. 
No.  340. 


in  Bulletin 


Right     Hand,    Top     horizontal    Dis- 
charge, Pulley  Driven  Sirocco  Fan. 


Type  "E"  Right  Hand,  Top  Vertical 
Discharge,  Pulley  Driven  Fan,  built 
also  for  motor  drive. 


"ABC"  TYPE  "E"  EXHAUST  FANS  FOR  EX- 
HAUSTING AND  CONVEYING   SYSTEMS 

Every  wheel  is  perfectly  balanced  before  mounting. 

The  entire  construction  of  "ABC"  Exhaust  Fans  pro- 
vide for  strength  and  rigidity.  The  bearings  are  self- 
aligning,  long  and  of  large  diameter,  giving  ample  bear- 
ing surface. 

Type  "E"  Fans  are  interchangeable,  can  be  arranged 
to  deliver  air  at  almost  any  angle  by  merely  removing 
bolts  from  ring  plates. 

Regular  type  "E"  wheels  are  used  in  Fans  for  removing 
dust  from  emery  wheels,  sawdust,  etc.  Long  shavings 
wheels  are  used  in  Fans  for  work  in  Cooperage  and  Ex- 
celsior factories,  wood  pulp  mills  or  other  plants  where 
the  shavings  are  long  and  stringy,  lint  from  buffing  and 
polishing  wheels,  etc. 

Bulletin  No.  323  gives  capacity  tables,  etc. 


"  SIROCCO  "       MECHANICAL 
DRAFT  FOR  STEAM  BOILERS 

.\  boiler  plant  will  do  more  work  with 
"mine  run"  coal  and  a  ".Sirocco"  mechani- 
cal draft  fan  than  it  will  with  hiyh  grade 
coal  without  "Sirocco,"  because  of  the  in- 
creased and  imprnxed  combustion,  more 
thorough  utilization  of  waste  gases,  abso- 
lute independence  of  atmospheric  condi- 
tions and  practically  absolute  control  of 
the  fires. 

A    "Sirocco"     mechanical     draft    plant, 

either  of  the  Forced  or   Induced   Type  re- 

<iuiics  small  space   for    its   installation,    as 

iiipared   to   its    capacity.      Two   of    the 

rgest  boilers  in   the  world   are  equipped 

with  "Sirocco"  mechanical  draft  fans. 

Catalogue  No.  343  is  a  complete  treatise 
on  mechanical  draft. 


"Sirocco"  Turbine  Driven  Mechanical  Draft  Fans, 
sunplying  forced  draft  to  two  2365  horsepower  boil- 
ers, the  largest  in  the  world. 


GO 


Stcniii   KiKinws  tuul   I'raps 


AMERICAN   BLOWER  COMPANY 

Branch  Offices  in  New  York,  Chicago,  Philadelphia,  Pittsburg,  Rochester,  Atlanta,  Minneapolis, 
San  Francisco,  Los  Angeles,  Seattle  and  Portland,  Ore.,  with  works  at  Troy,  N.  Y.  and  Cana- 
dian Sirocco  Company,  Limited,  Windsor,  Ontario. 


'ABC 


VERTICAL  ENCLOSED  SELF-OILING 
STEAM  ENGINES 


"ABC"  Enuinos  are  built  in  two  general  types — Type 
"A,"  Single  Cylinder  and  Type  "E,"  Double  Cylinder, 
with  capaeities  up  to  and  inoUuling  120  horse  power,  are 
used  extensively  to  drive  electric  generators,  exciter  units, 
cctitrifugal  and  all  kinds  of  power  pumps,  paper  mill  ma- 
chines, centrifugal  dryers,  in  fact  for  any  purpose  requiring 
a  K'Jod  tlependable  engine;  unexcelled  for  any  auxiliary 
work  within  their  capacity. 

"ABC"  engines  will  run  from  three  months  to  two  years 
without  having  to  add  new  oil  to  original  supply  or  make 
an  adjustment. 

.Are  entirely  enclosed,  but  a  turn  of  a  nurled  knob  will 
remove  side  plates,  rendering  every  piece  of  mechanism 
accessible. 

".\BC"  Engines  are  oiled  automatically — by  themselves, 
no  oil  leaks  out  of  the  frame;  it  is  not  a  splash  system, 
every  drop  goes  to  its  proper  place  by  gravity,  and  is 
supplied  as  required.  Every  frirtional  surface  runs  on  a 
film  of  oil,  no  contact  between  metals. 

Oil  is  filtered  and  cooled  before  being  pumped  up  for 
recirculation. 

Engine  Bulletin  No.  334  contains  specifications,  de- 
scription, etc. 


"DETROIT"  AUTOMATIC  STEAM  TRAPS- 
RETURN,  SEPARATING  AND  VACUUM 

Return  Traps  save  the  most  valuable  part  of  condensa- 
tion— t'^s  heat — by  draining  steam  lines  of  the  condensation 
and  automatically  returning  it  to  the  boiler  hot. 

Separating  Traps  are  adapted  to  draining  oil  and  steam 
separators,  bleeding  high  and  low-pressure  cylinders  in 
compound  engine  installations,  etc. 

Vacuum  Traps  are  most  succsssfully  used  to  remove 
condensation  from  apparatus,  or  systems  working  under  a 
vacuum. 

Trap  Catalogue  No.  352  gives  complete  information 
about  "Detroit"  Traps. 


HEATING,  VENTILATING   AND    COOLING 
WITH  A  "SIROCCO"  FAN  SYSTEM 

Requires  only  a  small  space  for  its  intallation  to  handle 
immense  volumes  of  air,  because  of  the  small  size  of  the 
fan. 

"Sirocco"  Fans  can  be  installed  in  con- 
fined spaces  which  would  absolutely  pre- 
clude the  use  of  any  other  type. 

The  sound  construction  and  perfect 
balance  of  "Sirocco"  Fans  keep  the  cost 
of  maintainence  down  to  a  minimum. 

The  power  conserving  features  of 
"Sirocco"  Fans  is  derived  from  their 
unique  design,  having  a  large  and  prac- 
tically unobstructed  inlet,  employing 
blades  which  are  short  radially  and  very 
long  axially. 

The  "Sirocco"  Fan  System  of  Heating, 
Ventilating  and  Cooling  makes  neat, 
compact  and  efficient  equipment. 


"ABC"  Engine  direct  -  connected 
to  dynamo  for  generating  electric 
current. 


'Detroit"  Automatic  Return  Trap. 


"Sirocco"  Fan  System  of  Heating,  Ventilatiag  and 
Cooling,  installed  conveniently  in  a  very  low  ceiling 
basement.     No  excavation  for  head  room  necessary. 
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Fuel  Economizers 


THE  CAREEN  FUEL  ECONOMIZER  CO. 

MATTEAWAN,  N.  Y. 

New  York  Cit,\-        Boston        Chicago        Atlanta        San  Francisco 
Los  Anfieles        Seattle        Salt  Lake  Cit.v        Montreal 

FUEL   ECONOMIZERS  for   recovering  waste  heat   from    boiler   furnaces,   kilns,   soaking  pits, 
metallurgical   furnaces,   core   ovens,  gas  engines,  etc.,  to  heat  water  for  boiler  feeding  and 
other  purposes. 

WASTE  AIR  HEATERS,  Similar  to  the  Economizer   and  utilizing  heat  from  the  same  sources 
to  heat  air  for  the  heating  of  buildings,  or  for  drying  purposes,   regenerative  furnaces,  etc. 

FANS,  BLOWERS  and  EXHAUSTERS  for  ventilating  and  for  moving  air  for  all  purposes. 

ENGINES,  horizontal  and  vertical,  throttling  or  automatic,  for  driving  fans. 

POSITIVFLOW  HOT  BLAST  HEATERS,  for  live  or  exhaust  steam  or  hot  water. 

DRYING  EQUIPMENTS  for  all  kinds  of  material. 

HEATING  AND  VENTILATING  EQUIPMENTS. 

MECHANICAL  DRAFT  INSTALLATIONS. 

GREEN'S  FUEL  ECONOMIZER 

Green's  Fuel  Economizer  is  the  count cr-ciu-rent  or  multi-stage  principle  ap- 
plied to  steam  generation.     The  boiler  is  required  for  absorbing  from  the  gases 
of  combustion  the  heat  required  for  evaporation,  and  to  provide  for  the  separa- 
tion of  the  steam  from  the 

water,  but  the  boiler  surface 
should    not    extend    beyond 
the  point  where  the  heat  al)- 
sorbed    per    square    foot    is 
worth  less   than  the  annual 
charges    and    upkeep    upon 
that  square  foot.     The  rale 
of  heat  absorption  decreases 
as    the    temperature    of    the 
gases     decreases,     and     this 

i 

point  is  found  at  gas  tem-    ■ 

^^mnjgi 

mm.'Bmm^r 

mm 

peratures   between   550   and 
700°    F.,    according    to    the 

1 

B 

i 

rJHL  'OteMfip 

price  of  coal  and  other  va 
bles.     To   extend   the   bo 
surface  beyond  this  point  ] 
economizer  is  used,  the  b 

The  Economizer,  howe-' 
peratures  down  to  300°  ] 
greater  "temperature  hea 
it  costs  less,  square  foot 
centage  charge  for  upkee 

As  ordinarily  installed, 
600°  F.  to  300°  F.,  saving 
pcrature.    The  Economizf 
annually. 

Example                -'y 

'.J'^~                  Green's  Economizer  With  Sectional  Covering 
iler 

s  wasteful,  since  it  will  not  repay  fixed  charges,  and  if  an 

jiler  can  to  advantage  be  terminated  before  this  point. 

'er,  absorbs  heat  economically  from  fuel  gases  at  tem- 

^\,  primarily  because  it  contains  cold  water,  giving  a 

d"  than  in  the  case  of  the  boiler  surface,  also  because 

"or  scjuare  foot,  and  is  subject  to  a  lower  annual  per- 

:>  and  depreciation  than  is  the  boiler  surface. 

the  Economizer  reduces  the  flueegas  temperatures  from 

1%  of  fuel  for  each  20°  reduction  in  the  flue  gas  tem- 

r  repays  from  40  to  60%  interest  upon  the  investment 

vi/Tfspcr  876o/irs  /!er 

frof  Ecor?.  surface 

Plant  to  operate  12 
hours    per    day,    365 
days    per    year;    tem- 
peratiu-e  of  gases  leav- 
ing boiler,  600°;  Tem- 
perature of  cold  boiler 
fe(>d    water,    100°    F.; 
Coal  at  $3.00  per  ton; 
Each    square    foot    of 
the  Economizer  to  earn 
50  cents  per  year.  Find 
sq.   ft.   of  Economizer 
to     be     installed     per 
boiler  H.P. 

If     the    Economizer 
operates  only  half  the 
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Mechanical  Draff 


THE  GREEN  FUEL  ECONOMIZER  CO. 


twico  tlio  rate  of  50  cents  per  year  while  in  operation;  therefore  in  the  coiuinii 
for  $3.00  coal  find  $1.00,  run  horizontally  to  the  curve,  which  i.s  encountered  at 
1  sq.  ft.  per  100°  F.  difference  between  hot  gases  and  cold  water.  A.s  in  this 
examj^le  the  difference  is  400°,  four  square  feet  will  be  the  right  amount  of 
L^cononiizcr  surface  to  install  ])er  boiler  horse  power  developed  in  order  to  secure 
an  annual  jUHjlit  of  50  cents  per  square  foot. 

Construction  of  Economizer 

Green's  Economizer,  as  perfected  by  60  years'  experience,  consists  of  vertical 
cast  iron  pipes  about  9  ft.  long,  pressed  with  metal  to  metal  joints  into  top  and 
bottom  boxes  to  form  sections,  which  are  assembl(>d  side  by  side  to  make  the 
complete  Economizer.  The  section.s  communicate  through  flexible  joints  placed 
outside  the  Economizer  chamber  with  two  branch  pipes,  one  running  lengthwise 
at  the  bottom  and  the  other  at  the  diagonally  opposite  upper  corner,  the  water 
being  introduced  into  the  former  and  discharged  from  the  latter.  The  pipes  are 
cast  of  a  sj)ecial  grade  of  iron  in  vertical  dry  sand  molds,  and  are  tested  to  500 
lbs.  pressure  per  scjuare  inch.  The  top  boxes  are  planed  on  the  sides  and  fitt(>d 
together  to  make  a  gas  tight  joint,  rendering  other  covering  unnecessary.  Our 
patented  ovoid  bottom  box  is  so  constructed  as  to  leave  large  passages  between 
for  C(;nvenience  in  replacing  scrapers,  and  also  to  prevent  the  bridging  of  soot 
across  from  one  box  to  another.  When  installed  with  Green's  Sectional  Covering, 
the  Economizer  is  readily  accessible  in  all  parts. 

Dimensions 

Height  from  bottom  of  sections  to  top  of  scrapi'r  gearing  13  ft.  5^2  i^i^-  Height 
over  sections,  10  ft.  2^2  ins.  ba.sed  on  9  ft.  pipes;  10  ft.  pipes  and  other  lengths  are 
special.    Each  section  occupies  732  ins.  of  the  length  of  the  Economizer. 

Widths:  Four  pipe  sections,  3  ft.  4  ins.;  six  pipe  sections,  4  ft.  8  ins.;  eight  pipe 
sections,  6  ft.;  10  pipe  sections,  7  ft.  4  ins.;  twelve  pipe  sections,  8  ft.  8  ins.  For 
one  side  damper  add  9  inches,  for  two,  add  IS  inches.  Diameter  of  pipes,  4  inches. 
Square  feet  of  heating  surface  per  pipe,  12. 

GREEN'S  MECHANICAL  DRAFT  OUTFITS 

In  many  cases  it  is  more  economical  to  pro-^ide  a  fan  and  engine  to  i«-oduce  draft 
than  to  depend  upon  the  chimney,  especial^  as  the  heat  required  to  produce 
(h-aft  in  a  chimney  can  better  be  employed  in  warming  feed  water  in  an  Economizer. 

IVlechanical  draft  is  also  use- 
ful in  increasing  the  capacity 
of  boilers,  enabling  the  boilers 
to  carry  temporary  overloads, 
making  possible  control  of 
fires  in  all  conditions  of  wind 
and  weather,  enabling  the 
plant  to  use  a  cheaper  grade 
of  coal,  etc.  Green's  Induced 
Draft  Fans  are  constructed  of 
especially  heavy  steel  plate, 
and  the  wheels  are  thoroughly 
well  made,  the  floats  or  vanes 
being  attached  to  the  side 
l)lates  by  angle  irons  instead 
of  by  turning  uj)  the  ends  of 
tlie  blade  and  riveting.  The 
wheel  is  also  stiffened  by  an- 
gle iron  rings  at  the  inner  and 
tiffening  rings  on  the  spokes  in  the 


outer  cf 


>f  the  side  plate-^,  also  by  special 


case  of  large  wheels.    We  have   built  a  lai'ge  number  of  mechanical  draft  wheels 
18  ft.  in  diameter  and  8  feet  wide  and  larger. 

Where  chimneys  are  ah-eady  installed.  Green's  Forced  Draft  Outfits  will  make 
possible  a  great 'increase  in  boiler  capacity  without  the  necessity  of  additional 
or  higher  chimneys. 
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Fuel  Economizers,  Steam    Turbines  and  Engines 


B.  F.  STURTEVANT  COxMPANY 

HYDE  PARK,  BOSTON,  MASS. 

Offices  in  all  principal  Cities 

MECHANICAL  DRAFT,  FUEL  ECONOMIZERS,  STEAM  TURBIJ^ES,  STEAM  ENGINES, 
GASOLENE  ENGINES,  GASOLENE  ENGINE  GENERATING  SETS,  MOTORS,  GENER- 
ATORS, STEAM  TRAPS,  HEATING  AND  VENTILATING  SYSTEMS,  FANS,  BLOWERS, 
EXHAUSTERS,  ETC. 

MECHANICAL  DRAFT 

Draft  produced  by  a  fan  is  called  mechanical 
draft,  and  may  be  forced  or  induced  as  conditions 
demand.  Its  cost  is  from  20  to  40  per  cent  of  that 
of  a  chimney.  Its  intensity  permits  of  the  burn- 
ing of  finely  divided  or  low  grade  fuel.  It  makes 
possible  the  utilization  of  the  flue  gases  which  a 
chimney  wastes  in  producing  draft,  it  is  inde- 
])endent  of  the  weather,  decreases  smoke,  in- 
creases the  capacity  of  an  existing  plant,  and 
serves  as  an  auxiliary  to  a  chimney  already  over- 
burdened.    It  saves  space  and  is  portable. 

FUEL  ECONOMIZERS 

The  Sturtevant  Economizer  etTeet.s: 
A  saving  of  10  to  20  per  cent  in  fuel, 
An  increase  of  20  to  40  per  cent  in  boiler  capacity. 
An  appreciable  extension  of  the  life  of  a  boiler, 
A  purification  of  the  feed  water, 
A  reduction  in  ex])ense  of  repairs. 
The  deposit  of  large  amounts  of  soot. 
In  the  Sturtevant  Economizer  the  pipes  are  arranged 
"staggered"  instead  of  in  straight  rows,  thereby  giving  the 
pipes  a  better  opportunity  to  absorb  heat  from  the  gases. 
These  economizers  are   made   with  taper  metal-to-metal 
joints  that  reqviire  no  packing,   cement  or  rusting.     The 
placing  of  the  pipes  of  one  row  opposite  the  spaces  of  the 
ud.iuccnt  .sections  increases  the  effective  area  of  the  trans- 
mitting surfaces  and  thoroughly  breaks  up  the  currents  of 
hut  gases  by  directing  them  between  the  pipes  and  against 
those  standing  in  their  paths. 

STEAM  TURBINES 

The  Sturtevant  Steam  Turbine  is  of  the  multi-velocity 
type,  and  its  operation  is  such  as  to  give  high  efficiency,  and 
permit  of  moderate  rotative  sjieeds  without  gears.  Hand 
valves  are  used  for  shutting  oti'  the  nozzles,  and  the  speed 
is  regulated  by  a  centrifugal  throttling  governor  placed  on 
the  end  of  the  shaft. 

No  special  foundations  are  required  and  the  turbine  can 
he  placed  on  an  ordinary  floor.     Internal  lubrication  is  un- 
necessary, therefore  the  exhaust  steam  is  free  from  oil. 
.5  regular  sizes  from  5  to  2.')0  H.P. 
Approximate  speed  from  -1000  to  1000  R.P.M. 

STEAM  ENGINES 
(Automatic  High  Speed) 

Vertical  Single  Cylinder  from  5  to  87  H.P. 

Vertical  Compound  from  35  to  171  H.P. 

Horizontal  Center  Crank  Engine  from  39  to  225  H.P. 

Sturtevant  Engines  are  adapted  to  continuous  operation 
for  long  periods  without  attention.  Gravity  lubrication 
and  complete  enclosare  of  moving  parts  insure  cleanliness 
and  high  mechanical  efficiency.  Rites  Governor  gives  IJ^ 
per  cent  speed  variation  only. 

MOTORS,  GENERATORS  AND 

GENERATOR  SETS 

Direct  Current  Apparatus  for  any  Standard  Voltage 

Hi-Pole  Motors  (enclo.sed  and  semi-en- 
closed tvpe) M     to      3  H.  P. 

Four-Pole  Motors 2      to    30  H.   P. 

Eight-Pole  Motors 1      to  225  H.    P. 

Six-Pole  Generators 5      to  173^2  K.  W. 

Eight-Pole  Generators 20      to  150  K.  W. 

Turbine  Generating  Sets 3      to    50  K.  W. 

Steam-Engine  Generating  Sets 5      to  150  K.  W. 
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B.  F.  STURTEVANT  COMPANY 

STEAM  TRAPS 

This  steam  trap,  made  for  different  pressures,  is  designed  for  steam  heaters 
or  radiators  of  any  (;onstruction.  Both  extension  and  cone  are  of  brass  ground 
to  a  fit.    The  {)ot  is  readily  removed  for  cleaning  by  loosening  up  the  bolts. 

PROPELLER  FANS 
Propeller  fans  are  designed  for  us:e  against  low  pressures, 
and  are  applicable  for  ventilation  and  exhauster  work  in  boiler 
and  engine  rooms,  kitchens,  clubrooms,  smoking  rooms,  offices, 
stores  and  similar  places.  They  are  constructed  with  a  frame 
of  cast  iron,  that  is  fastened  into  the  wall  of  the  building  and 
are  driven  by  either  belt  or  direct-connected  electric  motors 
that  are  enclosed  and  dust-proof.  The  construction  of  these 
propeller  fans  is  exceptionally  strong  and  durable.  Propeller 
fans  are  made  in  sizes  of  from  18  to  120  inches  in  diameter. 

MULTIVANE  FANS 
Multivane  blowers  and  exhausters  driven  by  direct- 
connected    Sturtevant    motors, 

turbines,  and  engines  form  the 

most   satisfactory   and   efficient 

fan   sets   on   the  market.      The 

blast  wheel  or  runner  for  this  fan 

is   composed   of   shallow   floats, 

which   permit   the   use   of   very 

large    inlets    while    maintaining 

the  necessary  blade  area.     The 

large  inlet  allows  the  air  to  enter 

with  the  least  loss  in  friction. 
Each  blade  or  float  is  spooned  to  distribute  equally  the  pressure  within  the  casing 
and  to  add  rigidity  and  strength  to  the  wheel. 

STEEL  PLATE  FANS 

sturtevant  steel  plate  fans  are  designed  for  all  sorts  of  blower  and  exhauster  work.  They  are 
the  result  of  fifty  years'  experience  in  blower  design,  are  especially  strong  and  durable  and  are  suit- 
able for  direct-connected  steam  engine  and  electric  motor  drive  and  for  belt  drive.  Steel  plate 
fans  are  built  for  ventilation  and  mechanical  draft  installations,  and  for  planing  mill  and  other 
exhauster  work. 

BLOWERS  AND  EXHAUSTERS 

The  Sturtevant  High  Pressure  Blower  is  made  in  two  types;  in  the  smaller  sizes  the  idler  is  direct- 
ly above  the  impeller,  and  the  shafts  lie  in  a  vertical  plane.  In  the  larger  sizes,  the  shafts  are  in  a 
horizontal  plane,  the  intake  and  discharge  being  at  the  bottom  and  top. 

High  Pressure  Blowers  are  designed  to 
deliver  air  at  pressures  up  to  five  pounds. 
They  are  especially  adapted  to  furnishing 
blast  for  cupolas,  gas  and  oil  burners,  anneal- 
ing and  smelting  furnaces,  cement  kilns,  and 
for  all  sorts  of  blower  or  exhauster  work 
demanding  high  pressures.  Special  stuffing- 
boxes  to  prevent  leakage  arc  furnished  when 
these  blowers  are  used  to  handle  gases. 

The  B.  F.  Sturtevant  Company  makes  com- 
plete installations,  including  direct-connected,      r 
belted,  or  geared   engine  or  motor,  exhauster, 
automatic     regulator,     blast     gates,     by-pass 
connections,  and  valves. 

STURTEVANT  HEATERS 

The  Sturtevant  fan  system  of  heating  and  ventilating  is 
economical  and  positive,  heated  air  providing  ventilation  as 
well  as  heat.  Indirect  hot  blast  coils  are  built  of  one  inch 
extra  heavy  steel  pipe  screwed  into  cast  iron  sectional  heater 
bases.  Entire  heater  is  enclosed  in  steel  plate  casing.  Heat- 
er is  applicable  to  use  of  cither  live  or  exhaust  steam  or  hot 
water.  System  can  be  used  for  heating  and  ventilating  any 
sort  of  building.  The  operation  i;  independent  of  the 
weather  or  of  atmospheric  conditions.  By  the  use  of  the 
St'irtevant  air  washer,  the  air  may  be  washed  at  all  times, 
and  cooled  in  summer.     Hot  air  from  the  heater  is  forced  by  I 

a  fan  through  ducts  into  the  building  to  be  heated,  and  is 
allowed  to  escape  through  vent  flues.     Fans  are  driven  by      '■ 
steam  engine,  motor  or  belt.     The  steam  engine  exhaust  is 
used  in  the  heater,  thus  eliminating  the  expense  of  running  the  cii 
ing  each  room  may  be  closely  regulated  by  thermostatic  control 
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Temperature  of  air  enter- 


Soot  Blowers 


BAYER  STEAM  SOOT  BLOWER  CO. 


2828-2842  LaSalle  Street,   ST.  LOUIS,  MO. 


1524  Chestnut  St. 
Philadelphia 


Branches 

110  W.  Thirty-Fourth  St. 

New  York 


1201  Fisher  Bldg. 
Chicago 


MANUFACTURERS  AND  PATENTEES  OF  THE  BAYER  SOOT   BLOWER 
SYSTEM  FOR  ALL  STANDARD  BOILERS. 


THE  BAYER  SOOT  BLOWER  SYSTEM 


Type  "H"  as  installed  on  the  Heine  Type  Water  Tube  Boiler 

Special  Note: — For  almost  three  years  the  Heine  Safety  Boiler  Company  has 
been  furnishing  the  Bayer  Patented  Soot  Blower  System  (Type  "H")  for  hori- 
zontally baffled  boilers  with  hollow  stayed  water  legs,  with  each  and  every 
boiler  manufactured  by  them.  No  other  soot  blower  system  on  the  market 
receives  such  an  endorsement,  which  we  believe  is  proof  that  the  Bayer  System 
is  the  only  practical  and  efficient  soot  blower  in  existence,  the  "Bayer"  being  the 
original  and  first  perfect  soot  blower  ever  placed  on  the  market. 

For  Horizontally  Baffled  Boilers 

The  above  illustration  clearly  shows  the  Bayer  Soot  Blower  System  (which 
blows  from  both  ends),  as  installed  on  the  Heine  Type  Water  Tube  Boiler.  By 
studying  the  application  of  the  system,  it  will  be  readily  seen  that  it  can  be  in- 
stalled without  disturbing  a  single  brick  in  your  boiler  setting  or  altering  any- 
thing whatever  about  the  boiler.  Note  how  the  jets  or  nozzles  enter  the  hollow 
stay-bolts,  projecting  clear  through  the  water  leg  flush  with  the  inside  sheet, 
thereby  being  absolutely  protected  from  the  heat.  Also  note  the  special  reducing 
fitting  which  prevents  the  cold  air  from  entering  the  hollow  stay-bolts  around  the 
nozzles.  Each  header  or  section  of  nozzles  can  be  removed  in  a  few  minutes,  if 
necessary,  by  simply  disconnecting  an  onlinary  luiion. 

With  the  Bayer  System  you  can  thoroughly  blow  all  the  soot  from  your  boiler 
in  about  three  minutes.  It  also  does  away  with  that  often  shirked  and  disagree- 
able job  of  going  inside  the  boilers  to  turn  the  baffle  tile  in  order  to  clean  the 
boilers  of  soot  accumulations.  This  necessarily  saves  the  breakage  of  tile  which 
takes  place  when  they  are  removed  for  cleaning  pur))oses. 

We  issue  individual  literature  fully  illustrating  the  Bayer  "Patented"  Soot 
Blower  System  for  all  standard  types  of  boilers,  and  will  be  glad  to  send  same 
on  request. 

Put  your  soot  troubles  up  to  us.    Our  years  of  experience  are  at  your  service. 
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Soot  Blo^vers 

BAYER  STEAM  SOOT  BLOWER  CO. 

For  Vertically  Baffled  Boilers 


Fig.  I— Type  "B"  as  installed  on  B  &  W  Type  Water  Tube  Boileis 

In  bringing  our  B  &  W  Type  Soot  Blower  to  its  present  stage  of  perfection,  we  realized  theim- 
portance  of  producing  a  device  that  could  be  installed  without  making  any  alterations  in  the  boiler- 
settings,  and  this  we  have  accomplished  so  perfectly  that  not  a  single  brick  need  be  disturbed  nor 
any  alterations  made,  as  is  plainly  shown  in  the  accompanying  illustration.^ 

Fig.  three  (3)  is  a  perspective  view  of  a  single  unit  of  the  System  as  installed  in  one  of  the  cleaning 
openings,  and  shows  the  simplicity  and  ease  with  which  the  apparatus  can  be  attached  to  any 
vertically  baffled  boiler  having  side  cleaning  openings.  The  units  of  the  Bayer  System  are  secured 
to  tlie  plates  at  the  top  and  bottom  of  the  openings  in  the  walls  by  substantial  set  .screws  (see  Fig.  3), 
permitting  the  Blower  to  be  quickly,  accurately  and  securely  adjusted  to  its  proper  position  even 
wnilc  boilers  are  in  service.  The  nozzles  which  always  blow  parallel  between  spaces  of  the  water 
tubes  are  three-way  cast  iron  nozzles.  These  nozzles  extend  through  the  cleaning  openings  flush 
with  the  inside  of  the  boiler  wall,  thereby  preventing  them  from  being  exposed  to  the  direct  path 
of  the  products  of  combustion. 

To  operate  the  Blower,  move  the  handle  of  the  rock  shaft  forward  and  backward  slowly;  this 
operation  causes  the  nozzles  to  blow  perfectly  parallel  with  the  spaces  between  the  water  tubes  and 
reach  all  of  the  soot  surface  in  each  gas-pass  or  compartment.  Any  Blower  which  does  not  project 
the  steam  jets  parallel  with  the  spaces  between  the  tubes  with  a  sweeping  movement  cannot  give 
perfect  service. 


Fig.  4 
Top  View  Showing  Sweep 


Fig.  2 


Fig  3 


67 


Soot  Blowers 


DIAMOND  POWER  SPECIALTY  CO. 

Main  Offit-e  and  Factory 

DETROIT  70  First  Street  MICHIGAN 

SOOT  BLOWERS  FOR  ALL  STANDARD  BOILERS 


DIAMOND  SOOT  BLOWING  SYSTEMS 


Diamond  Power 
Specialty  Co.  Soot 
Blowers  for  all  stand- 
ard boilers  have  been 
developed  through  15 
years  of  experience  in 
this  field.  These  Dia- 
mond Soot  Blowing 
Systems  are  perma- 
nently attached  to  the 
l)oiler  —  enabling  the 
engineer  to  keep  his 
heating  surfaces  free 
from  soot  at  all  times, 
by  a  simple  mechanical 
steam-scouring  action. 


OVERCOMING  SOOT 

The  wasteful  action  of  soot  deposits 
)olh  in  lost  heat  and  in  boiler  depre- 
ciation— make  necessary  a  positive 
method  of  overcoming  this.  In  meet- 
ing this  need  these  Soot  Blowers  pro- 
duce an  important  economy  in  the 
plant. 


2.    Front-End  Design— For 
Boilers 


3.     For  "Manning"  Boilers 


Return  Tubular 


CLEANING  FIRE  TUBE  BOILERS 

Horizontal  Return  Tubular  Boilers  are  cleaned  from 
either  rear  or  front  end.  The  "Diamond,"  "Single  Tele- 
scopic Jet"  (see  Fig.  1),  "Swinging  Arm,"  and  "Re- 
volving 5-Hole"  Designs — are  Rear  End  Designs.  Fig. 
2  shows  the  "Front  Entl"  Blower — open  for  inspection. 

Vertical  Fire  Tube  Boilers — "Manning"  Type — are 
cleaned  from  top  as  shown  in  Fig.  3.  Either  "Swinging 
Arm"  or  "Revolving  5-Hole"  designs  are  appHed  here. 
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Soot  Blowers 


DIAMOND  POWER  SPECIALTY  CO. 


Bourse  Bklfi. 

PHILADELPHIA 


1533  Monadnock  Block 

CHICAGO 


Suite  24,  19  Poarl  St. 

BOSTON 


SOOT  BLOWERS  FOR  ALL  STANDARD  BOILERS 


CLEANING  WATER  TUBE 
BOILERS 

Soot  is  cleaned  from  the  almost,  in- 
accessible points  in  many  designs  of 
water  tube  boilers — by  special  "Dia- 
mond" Blowers.  These  are  now 
being  used  in  a  wide  range  of  plants 
on  such  types  of  boilers  as  the  follow- 
ing: "Hollow  Stay  Bolt,"  "^^'ickes" 
(see  Fig.  4),  "Stirling"  (see  Fig.  5), 
and  Babcock  &  Wilcox  (See  Fig.  6). 

For  Return  Tubular  Boilers 

Model  A — Stand'ird  T.^■pe  of  Telescopic  Blower 

with  Five  Holes  for  Stationary  Boilers. 
Model   B — Standard  Type   of   Telescopic   Jet 

Blower  with  Dial  and  Pointer,  One  Hole. 
Model  C — Swinging  Arm  Rear-End  Blower  for 

Stationary  Boilers. 
Model  E — Front-End    Blower  for  Stationary 

Boilers. 
Model  F — Front  End  Single  Arm  for  Stationary 
Boilers. 

For  Vertical  Fire  Tube  Boilers. 
Manning  Type  Only 

Model    A — Standard    Telescopic     Five     Hole 

Blower. 
Model  B — Swinging  Arm  Blower. 

For  Water  Tube  Boilers 

Model  C — for  Wickes  Boilers  (\'ertical  Type) 

Model  D — For  Heine  Boilers. 

]Model  H — Operated  through  cleaning  doors. 
For  B.  &  W.  and  all  allied  Types  of  Hori- 
zontal Boilers. 

Model  G— For  B.  &  W.,  Stirling  and  all  allied 
Types  of  Water  Tube  Boilers. 

For  Marine  Boilers 

Model     A — Standard     Telescopic     Five     Hole 

Blower. 
Model    B — Telescopic   Jet    Blower    with    Dial 

and  Pointer. 
Model   C — Telescopic   Jet   Blower   with   Gear 

Wheel  and  Pinion  Handle. 
Model  E — Front-End  Blower  with  Cross  Spider 

Arms. 


OUR  ENGINEERING  SERVICE 

From  complete  files  of  i)lans  and 
si)ecifications  covering  hundreds  of 
makes  of  boilers,  our  Engineering  De- 
partment is  able  to  co-operate  with 
3'ou  promptly  in  considering  the 
proper  Soot-Blowing  System  for  any 
particular  installation.  You  should 
take  advantage  of  this. 

Send  for  ddailal  Jilrmturr. 


4.     Cross-section  showing  application  to 
"Wickes"  Boilers 


5.    As  applied  to  "Stirling"  Boilers 


6.    For  B.  &  W.  Type  Horizontal  Water 
Tube  Boilers. 
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Water  Softeners  and  Filters 


THE  KENNICOTT  COMPANY 


CHICAGO  HEIGHTS,  ILL. 


Sales  Office 

14th  Floor  Corn  Exchange  Bank  Building, 

Chicago,  III. 


Eastern  Office 
50  Church  Stroot, 
New  York,  \.  Y. 


WATER  SOFTENERS  AND  FILTERS  FOR  THE  TREATMENT  OF  WATER 
FOR  BOILER  FEED  PURPOSES,  FOR  RAILROADS  AND  INDUSTRIAL 
PLANTS,  FOR  THE  USE  OF  LAUNDRIES,  TANNERIES,  DYE  WORKS, 
AND  ANYWHERE  WHERE  A  SOFT,  CLEAR  WATER  IS  OF  ADVANTAGE, 
MANUFACTURERS  OF  STEEL  TANKS,  TANK  CARS,  STEEL  UNDER- 
FRAMES   AND    GENERAL   STEEL   PLATE   CONSTRUCTION. 


DESCRIPTION  OF  OUR  TYPE  "K"  WATER  SOFTENER 

The  Tj'pe  "K"  Kennirott  Water  Softener  is  the  produot 
of  years  of  experience  in  hancUing  difficult  Water  Problems. 

This  softener  automatically  treats  varying  quantities  of 
water  with  varying  quantities  of  materials  always  in  the 
proper  proportion,  requires  the  least  possible  amount  of 
attention,  and  softens  water  at  the  lowest  possible  cost. 

This  softener  does  not  require  skilled  attention,  but  can 
be  taken  care  of  by  the  ordinary  help.  The  average  time 
required  does  not  exceed  30  minutes  per  day  for  plants  up 
to  2500  H.P. 

The  water  as  it  flows  into  the  softener  provides  all  tjic 
power  that  is  required  for  the  proper  mixing  of  the  chemical 
reagent^s  and  operation  of  the  softener, 
and  exclusive  patent  on  the  Tvpe  "K"  KENNICOTT 
THE  PARTS  REGULATING  THE  FEED  OF  CHEIM- 

Thev 


Type  K  Softener 
150,000  gah  perhottr 


The  main  original 
SOFTENER  is  that 

ICALS  DO-  NOT  COME  IN  CONTACT  WITH  THE  CHEMICALS." 
cannot,  therefore,  be  affected  by  the  chemicals. 

The  softeners  are  designed  to  be  either  top  operated,  where  it  is  necessary  to 
economize  on  ground  space,  or  all  the  chemical  mixing  and  feeding  tanks  can  be 
located  on  the  ground. 

Many  machines  of  both  types  can  be  seen  in  operation,  and  have  been  in 
operation  for  several  years. 

Softeners  are  provided  with  either  wood  fiber  filters,  or  our  special  quartz 
filter  of  the  standard  Kennicott  Design. 

The  sludge  that  is  formed  is  removed  by  means  of  our  patented  revolving 
sludge  renKJver  which  sweeps  the  bottom  of  the  tank  in  a  manner  similar  to  a, 
vacuum  cleaner. 

This  type  "K"  Softener  has  been  built  in  every  size  from  500  gallons  of  water 
])er  hour  to  150,000  gallons  of  water  per  hour— the  largest  CONTINUOITS 
STEEL  TANK  SOFTENER  in  the  world  having  been  built  and  installed  bv 
THE  KENNICOTT  COMPANY.  All  our  experience  has  been  directed  towards 
building  a  machine  which  is  guaranteed  to  produce  uniform  results  and  ^^'E 
HAVE  MADE  GOOD. 

THE  KENNICOTT- JEWELL  FILTER 
If  troubled  witli  muddv  water,  the  KENNICOTT- 
JEWELL  FILTER  will  sf)lve*your  problem.  The  re- 
sult of  25  years  experience  in  filtration.  Equii)])ed 
with  our  ])atented  airless  negative  head  strainer  system 
permitting  direct  suction  connection  if  desired.  The 
most  tin-t)id  water  can  be  made  clear  by  our  Pressure 
or  (iravity  filters.  Install(>d  for  some  of  the  largest 
l)ower  plants,  office  buildings  and  manufacturing  in- 
dustries in  the  world. 

We  publi.sh  a  full  descriiition  of  the  TYPE  "K" 
SOFTENER  and  KENNICOTT-JEWELL  FILTER 
— it  will  interest  you. 

WRITE  FOR  IT. 


"•1  ^-qhiiu^gW*!- 1- 


Kennicott-Jewell  Filtei 
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IFater  Filters 


LOOMIS-MANNING 
FILTER  DISTRIBUTING  COMPANY 

PHILADELPHIA,  PA. 

Branch  Offices: 
New  York,  Chicago,  Boston,  Buffalo,  Baltimore,  Washington 


Loomis-Manning  Filters  are  designed  with  three  essen- 
tial features  in  view: 

Efficiency:  This,  in  a  filter,  means  the  ability  to  thor- 
oughly cleanse  the  filter  bed  each  time  it  is  washed.  For 
unless  the  filter  bed  is  kept  broken  up,  free  from  lumps  of 
all  kinds  which  form  around  the  gelatinous  mass  which 
has  been  collected  by  the  filter  bed,  the  effectiveness  of 
the  filter  will  become  less  and  less  until  it  is  nothing. 
By  the  reverse  flow  of  the  water,  the  filter  bed  of  a  Loomis- 
Manning  Filter  is  caused  to  pass  up  and  down  through 
the  Loomis  Cutting  Plate  which  breaks  up  the  mass  of 
accumulated  impurities  so  that  they  are  purged  from  the 
bed  and  carried  off  into  the  waste.  The  entire  bed  is  in 
motion,  becoming  cleansed,  at  each  washing.  No  part  cf 
it  is  so  heavy  that  it  lies  stagnant.  The  bed  is  a  uniform 
grade  of  material  from  top  to  bottom. 


Simplicity:  The  Manning  Single  Controlling  Valve  takes  the  ])lace  of  five 
gate  valves  and  also  prevents  all  chance  of  errors.  By  moving  one  lever  to 
four  stations,  plainly  marked  on  a  dial,  the  action  of  the  filter  may  be  either 
filtering,  washing  the  filter  bed,  filtering  to  waste  (sometimes  called  re-washing) 
or  the  filter  may  be  by-passed.  A  sight  glass  is  provided  so  that  it  is  possible 
to  see  the  quality  of  the  filtered  water  and  watch  the  cleansing  of  the  filter 
bed,  preventing  an  extravagant  use  of  water  for  washing. 

Durability:  The  cylinders  and  heads  are  close  grained  cast  iron,  to  obtain  the 
maximum  durability.  All  materials  coming  into  contact  with  water  are  selected 
to  resist  corrosive  action.  Bronze  controlling  valve,  tinned  copper  screen  plates, 
brass  studs,  galvanized  iron  or  brass  pipe  and  fittings,  etc.,  reduce  repairs  to  a 
minimum. 


Essential  Details: 


The  filter  bed  rests  on  tinned  copper  screen  plates,  extend- 
ing under  its  entire  area,  bringing  about  a 
uniform  collection  of  the  filtered  water  and 
a  uniform  distribution  of  the  washing 
water,  insuring  a  thorough  cleansing.  The 
Loomis  Confining  Plate  extends  across  the 
filtering  chamber  near  the  top  and  prev- 
ents all  fish,  sticks,  stones,  etc.,  from 
entering  and  becoming  a  permanent  part 
of  the  filter  bed.  These  screen  plates  are 
sand  tight,  preventing  any  loss  of  the 
filtering  material  into  pipe  lines,  pumps 
etc.  Baffles  are  provided  in  the  top  and 
bottom  heads  to  distribute  the  water  as  it 
enters  for  filtration  or  for  washing.  Ample 
space  is  provided  to  enable  the  bed  to 
wash  properly.  The  coagulant,  if  necessary, 
is  fed  by  our  indirect  method,  accurately 
controlled. 


Send  for  List  of  Installations. 
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Venturi  Meters 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,   R.  I. 

VENTURI  METERS  FOR  COLD  WATER,  HOT  WATER,  BRINE, 
CHEMICAL  SOLUTIONS,  SEWAGE,  STEAM,  GAS  AND  AIR  ;  GLOBE 
SPECIAL  CASTINGS  FOR  WATER  WORKS  ;  GRINDING  MACHINERY  ; 
POLISHING    MACHINERY. 


THE  VENTURI   METER 


The  \'c'nturi  Meter  consists  of  a  Venturi  IMeter  Tube  and  a  Register  or  Recording  Instrument. 
The  Meter  Tube  is  set  in  the  pipe  line  similar  to  a  section  of  pipe,  and  the  instrument,  which  is 
cduiiicted  to  the  Meter  Tube  by  two  small  pipes,  can  be  set  in  any  convenient  space  where  the 
readings  may  be  easily  observed.  An  historical  sketch  of  the  Venturi  Meter  is  given  in  Bulletin 
No.  20. 

THE  VENTURI   COLD   WATER  METER 

This  is  a  type  which  may  bJT-  Uid  in  connection  with  Gravity  Mains,  Pump  Discharge  Lines, 
Filtration  Plants,  Sewage  Disp^^h  ystems.  Hydraulic  Turbines,  Refrigerating  Plants,  etc.  Our 
Bulletin  No.  75  contains  descriptions,  illustrations,  tables  of  capacities  and  other  data. 

STANDARD  VENTURI  METER  TUBES  AND  CORRESPONDING   MEASURING 

CAPACITIES 


Inches 

Catalog 
Number 

Length  of 
Meter  Tube 

Pounds  per 
Hour 

Gallons  per 
Minute 

Gallons  per 
24  Hours 

eter  of 
Pipe 

Mini- 
mum 

Maxi- 
mum 

Mini- 
mum 

Maxi- 
mum 

Mini- 
mum 

Maxi- 
mum 

2 

2-8 
21 

I'-llJs" 
l'-10J4" 
1'-  7" 

1360 
1960 
3470 

17600 
25400 
45100 

3 
4 

7 

35 
55 
90 

4000 
6000 
10000 

51000 

73000 

130000 

3 

31 

31M 

31K 

2'-ll" 
2'-  7H' 
2'-  4J4" 

3470 
5420 
7820 

45100 
70400 
102000 

7 
11 
16 

90 
140 

205 

10000 
16000 
23000 

130000 
203000 
293000 

4 

41J4 

415^ 

42 

4'-  334" 
3'-  6" 

5420 
9170 
13900 

70400 
119000 
181000 

11 
18 

28 

140 
240 
360 

16000 
26000 
40000 

203000 
343000 
520000 

5 

52 
52>^ 

.5'-  13,8" 

4'-  8H" 
4'-  2" 

9170 
13900 
21700 

119000 
181000 
282000 

18 
28 
44 

240 
360 
565 

26000 
40000 
63000 

343000 
520000 
813000 

0 

62 

62,1-^ 

63 

5'-ll" 
5'-  4H" 
4'-10'' 

13900 
21700 
31300 

181000 
282000 
406000 

28 
44 
63 

360 
565 
810 

40000 
63000 
90000 

520000 

813000 

1170000 

12 

124 
125 
126 

11'-  0" 

9'-n" 

8'-10" 

55000 
86900 
125000 

722000 
1129000 
1626000 

110 
175 
250 

1440 
2260 
3250 

160000 
250000 
360000 

2080000 
3250000 
4680000 

21 

248 
2410 
2412 

21'-  2" 
19'-  0" 
16'-10" 

445 
695 
1000 

5780 

9020 

13000 

640000 
1000000 
1440000 
1440000 
2250000 
3240000 

8320000 
1.3000000 
187200(10 

30 

3612 
3615 
3618 

31'-  4" 
28'-  1" 
24'-10" 

1000 
1560 
2250 

13000 
20300 
29300 

18720000 
29250000 
42120000 

4S 

4816 
4820 
4824 

41'-  6" 
37'-  2" 
32'- 10" 

1780 
2780 
4000 

23100 
36100 
52000 

2560000 
4000000 
5760000 

33280000 
52000000 
74880000 

Dimensions  of  other  sizes  on  application. 

THE  VENTURI  HOT  WATER  METER 


■'x 


This  meter,  the  tube  of  which  is  illustrated,  is  admirably  adapted  to  the  measurement  of  hot 
boiler  feed  water,  hot  water  from  condensers,  hot  circulating  water  for  heating  systems,  etc.  The 
entire  absence  of  mechanism  or  projections  within  the  Venturi  Tube  gives  the  Venturi  great  ad- 
vantages over  various  types  of  mechanical  or  flow  meters,  and  its  initial  accuracy,  which  is  guar- 
anteed, remains  unchanged  in   actual  service.      It  is  fully  described  in  Bulletin  No.   68. 

THE  VENTURI  AIR,  STEAM  AND  GAS  METER 

For  the  measurement  of  Air,  Gas  and  Steam  the  Venturi  offers  distinct  advantages,  among  which 
are  Simplicity,  Compactness,  Adaptability  to  Changes  in  Measuring  Capacity-  and  Low  Cost. 
Bulletin  No.  76  describes  the  Meter  for  Air  and  Gas  and  Bulletin  No.  79  for  Steam. 

Any  or  all  of  the  above  BuUetins  will  be  mailed  on  request. 
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Water  Weighing  Machines 


WILLCOX  ENGINEERING  CO.,  Inc. 

SAGINAW,  MICHIGAN,  U.  S.  A. 
THE  WILLCOX  WATER  WEIGHER 


The  Willrox  ^A'ater  Woighor  is  a  dovico  for 
automatically  weighing  and  recording  the  water 
fed  to  boilers.  It  takes  water  fioni  any  source, 
.such  as  a  feed  water  heater,  tank,  pump,  or  hy- 
drant, at  any  rate  of  flow  or  at  varying  rates,  and 
delivers  it  intermittently  in  charges  of  uniform 
weight. 

It  will  weigh  hot  fcnnl  water  from  an  open 
lieater,  cold  water  from  a  hydrant,  water  of  con- 
densation from  vacuum  pans  or  heat  iiig  systems ; 
also  chemicals,  volatile  oils,  sugar  juices,  etc. 

Operation:  The  charge  is  weighed  by  a  liquid 
column  of  fixed  height,  through  the  medium  of 
an  air  balance.  The  unit  charge  is  dumped  auto- 
matically by  the  sudden  release  of  th3  entrapped 
air — an  extremely  accurate  method  of  balancing. 
Accuracy:  Each  weigher  is  guaranteed  to 
weigh  within  one  per  cent,  of  perfect  accuracy 
at  any  rate  of  supply  up  to  its  maximum  capa- 
city. 

Styles  and  Capacities:  The  Willcox  Water 
Weigher  is  built  in  several  styles  to  suit  various 
requirements:  portable  weigher  for  evajiorative  and  condensing  tests;  and  jiower 
])lant  sets  for  permanent  installation.  AH  capacities  from  one  thousand  pounds 
l)er  hour  up  to  half  a  million  pounds. 

Plans  for  Installation:  Suggestions,  sketches  and  plans  for  proposed  installa- 
tions are  furnished  free  of  charge  by  the  \^'illcox  Engineering  Comj)any.  We 
have  competent  engineers  and  draftsmen  for  the  purpose  of  assisting  pro.spective 
customers  in  planning  suitable  arrangements  to  meet  local  conditions. 

Savings  Secured  in  Boiler  Plants:  By  furnishing  a  simple,  reliable,  automatic 
self-recording  device  for  continuously  and  accurately  recording  every  pound  of 
water  pumped  to  the  boilers,  the  Willcox  Water  Weigher  offers  a  means  of  segre- 
gating boiler  evaporation  cost  from  engine  and  generator  performance,  thereby 
giving  a  sure  means  of  determining  from  day  to  day  whether  or  not  a  proper 
evaporation  is  being  secured  per  i)ound  of  coal. 


GENERAL      DIMENSIONS— STYLE 
BUILT    OF   BOILER  PLATE 


Vertical  Section  of  Portable  Weigher 

for  evaporative  and  condensation  tests 

Style  B 


Maximum 

rate  of 

weighing,  in 

lbs.  of  water 

piT  hour 


500,000 
300.000 
200,000 
150,000 
100,000 
75,000 
02,500 


hize 

Inlet, 

In. 


Shell, 
Thick- 
ness 


3  8 
5,16 
14 
1  '4 
3    16 
3    16 
3   16 


Approximate 

Weight" 

of  water 

per  unit 

charge 


Ship'g 
Weight 


4000 
3000 
2100 
18.50 
1500 
1200 
1100 


5000 
3500 
2700 
2250 
1800 

iiso 


STYLE  B— INGOT  IRON 

14 
16 
18 
2  ) 

40,000 
25,000 
15,000 
10,000 
5.000 

3 

2 
2 

114 

600 
400 
275 
175 
1.50 

680 
420 
200 
120 
60 

The  Willcox  Au'omatic  Water  Weigh- 
er with  Storaie  Tank.    Style  A 
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Condensing  Apparatu 


WHEELER  CONDENSER  AND 
ENGINEERING  CO. 


Main  Office  and  Works: 


CARTERET,  NEW  JERSEY 


Wheeler  Dry  Tube  Surface  Condenser 
I 


BRANCHES 
New  York,    Boston,   Philadelphia,    Chicago.    St.  Louis,   St.  Paul,  Cincinnati,  Pittsburgh,  Dallast 
Cleveland,    Denver,    San  Francisco,    Salt  Lake  City,    Los  Angeles,    Seattle,    Portland,    Tucson, 
Ariz.,    Charlotte,   New  Orleans,    Atlanta,    London,    Yokohama,    Trieste,    Melbourne,    Paris. 

MANUFACTURERS  OF  COMPLETE  CONDENSING  EQUIPMENTS 


HIGH  VACUUM  SURFACE  CON- 
DENSERS. 

Fur  turbines  of  any  capacity,  con- 
densing equipments  operating  on  wet 
or  dry  system,  tube  surface  of  con- 
denser arranged  to  give  best  distribu- 
tion of  steam  for  high  efficiency  and 
designed  on  the  dry  tube  principle  to 
give  maximum  rate  of  heat  transmis- 
sion. Built  as  base  condensers  for 
vertical  turbines,  also  for  horizontal 
turbines  with  either  rectangular  or 
cylindrical  shells. 

HIGH  VACUUM  JET  CONDENS- 
ERS. 

For  turbines  of  any  size  to  maintain 
vacuum  of  28  inches  and  up.  Built  on 
the  countercurrent  "rain  type"  prin- 
ciple to  insure  maximum  temperature 
of  discharge  water,  and  therefore, 
minimum  quantity'  of  water,  and 
minimum  pumping  cost. 

WHEELER  TURBO  AIR  PUMPS. 

High  Speed  Rotary  type  for  jet  or 
surface  condensers.  Direct  connected 
to  turbine  or  motor.  Will  maintain 
98-997o  vacuum. 

WHEELER-EDWARDS  AIR 
PUMPS  FOR  AIR  AND  CON- 
DENSATE. 

Eliminate  expense  of  independent 
air  and  hot  well  pumps.  No  suction 
or  bucket  valves. 

WHEELER  ROTATIVE  DRY  VAC- 
UUM PUMP. 

Will  maintain  a  vacuum  within  ..V 
of  barometer,  lor  high  vacuum  jet 
condensers  and  large  dry  tube  surface 
conileiisiiig  equiiunents.  Clearance 
effect  reduced  b\-  rotative  snifT  valve. 

CENTRIFUGAL  PUMPS  FOR  ALL 
SERVICES. 

Circuhiting,  tail  water  and  hot  well 
pumps  for  condensing  work.  Pumps 
of  all  sizes  driven  by  motor,  steam 
turbine  or  engine  for  water  works, 
irrigation,  etc. 
FORCED  DRAFT  STEEL  TOWERS. 

Recommended  for  efficient  cooling 
of  water  where  ground  space  is  lim- 
ited, and  smallest  size  tower  must  be 
used. 
NATURAL     DRAFT    WOODEN 

TOWERS. 

For  manufacturing  and  industrial 
plants,  also  central  stations  where  a 
supply  of  cooling  water  is  not  avail- 
able. Operating  costs  consists  of 
water  pumping  cost  only.  Designed 
for  special  low  lift  so  as  to  reduce  this 
cost  to  the  minimum. 


Wheeler  Rectangular  Jet  Condenser  (Counter-Current 
Rain  Type)  for  High  Vacuum  Steam  Turbines 


Wheeler  Combined  Surface  Condenser  Auxiliaries  Com- 
prising Turbine  Circulating  Pump  and  Combined 
Condensate  and  Turbo  Air  Pump 


Condensing  Apparatus 


WHEELER  CONDENSER  AND 
ENGINEERINCx   CO. 


Wheeler  Barometric 
Condenser 


Wheeler  Rotative  Valve  Reciprocating 
Dry  Vacuum  Pump 


Wheeler-Balcke  Natural  Draft  Wooden 
Cooling  Tower 


B ,  ..mm 

Wheeler-Barnard  Forced  Draft  Cooling  Tower 
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Boilers  and  Cooling   Towers 


EDWIN  BURHORN  COMPANY 

71  WALL  STREET  NEW  YORK  CITY 

WATER  COOLING  TOWERS.      RIVETED  PIPE. 

INTERNALLY  FIRED  BOILERS. 


BURHORN  AND  ACME  COOLING 
TOWERS 

The  tower  illustrated  herewith  is  of  the 
ojien  type,  as  the  majority  of  plants  are  so 
tlcsisncd  that  this  type  will  show  maximum 
efficiency.  We  are  prepared,  however,  to 
furnish  cooling  towers  of  the  closed  type  em- 
bodying all  the  economical  characteristics  of 
the  open  towers,  but  provided  with  stacks  for 
natural  draft  or  equipped  with  fans  for  forced 
draft. 

VALUE  OF  COOLING  TOWERS 

In  any  installation  requiring  water  for 
cooling  purposes  a  cooling  tower  is  a  valuable 
adjunct  and  a  source  of  economy,  unless 
there  is  available  an  abundant  supply  of  cold, 
clean,  pure  water. 

In  many  cases  the  use  of  water  from  the 
city  supply  would  be  perfectly  satisfactory 
were  it  not  for  the  excessive  cost.  By  install- 
ing our  cooling  tower,  however,  only  2%  to 
5%  of  the  water  otherwise  necessary  will  be 
required,  and  the  cost  of  the  supply  is  reduced 
proportionally. 

CONSTRUCTION 

Our  towers  are  built  of  steel  throughout  and 
are  practically  indestructible.     All  parts  are 
in  plain  sight  and  are  readily  accessible  for 
inspection,  cleaning,  painting,  etc. 
Catalog  on  request. 


End  View  Cross  Section 

INTERNALLY  FIRED  BOILER 

DIMENSIONS  OF  STANDARD  SIZES 
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12'0" 

21" 

9" 

33" 

5" 

414 

U 

■^1 

2.50 

120" 

15'9" 

2-45" 

1.37 

3  '/2  " 

12'6" 

24" 

9" 

30" 

()" 

5 

2 

'2k 

:ioo 

138" 

16'3" 

2-50" 

161 

s'r 

1.3'0" 

24" 

9"l  to"- 

T 

5>-^2 

3 

Water  Cooling  lower 

INTERNALLY  FIRED 
BOILER 

This  type  of  boiler  is  com- 
pact, requires  little  head 
room  as  compared  with  other 
types  of  boiler,  and  recent 
tests  have  proved  it  as 
efficient  and  as  suitable  for 
high  pressures  as  any  type 
of  water  tube  boiler.  This 
type  of  boiler  requires  no 
brick  setting,  and  has  no 
water  legs  or  other  restricted 
place  to  become  clogged  with 
sediment.  Every  part  of  tl;e 
interior  is  readily  accessible 
and  may  be  kept  in  a  high 
state  of  efficiency. 

Manufactured  in  seven 
standard  sizes  ranging  from 
75  to  300  h.  p.  Special  sizes 
designed  to  meet  special  con- 
ditions. 

Catalog  on  request. 

RIVETED  STEEL  PIPE 

The  most  ai)parcnt  advan- 
tages of  Riveted  Pipe  over 
Cast  Iron  in  large  sizes  are' 

Uniformity  in  thickness 
and  material. 

Absence  of  Blow  holes. 

No  shrinkage  strains. 

Decreased  freight  and  haul- 
age charges. 

Cheapened  erection  and 
handling  cost. 

Less  resistance  to  flow  of 
contents. 

Safety  from  damage  due  to 
hidden  defects. 

Catalog  on  request. 
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Condenser  Tubes 


BRIDGEPORT  BRASS  COMPANY 


96  Crescent  Avenue 


BRIDGEPORT,  CONN. 


MANUFACTURERS  OF  SEAMLESS  DRAWN  BRASS  AND  COPPER  TUB- 
ING FOR  ALL  PURPOSES,  ALSO  CONDENSER  TUBES— BRASS  AND 
ADMIRALTY  MIXTURE,  TINNED  AND  PLAIN,  ALSO  FERRULES  OF 
ALL  KINDS.  "BRIDGEPORT"  SEAMLESS  TUBING  IS  GUARANTEED 
TUBING  OF  THE  HIGHEST  QUALITY. 


Our  experience  in  manufacturing  high  grade  Condenser  Tubes  enables  us  to 
meet  the  most  exacting  requirements.  We  have  made  a  careful  study  of  this 
jiarticular  class  of  work,  and  with  this  experience  and  the  most  ajiproved  methods 
at  our  command,  "Bridgeport"  Condenser  Tubes  represent  quality  of  the  highest 
standard. 

Every  tube  is  rigidly  tested  and  inspected  before  shipment  is  made. 

The  severity  of  the  requirements  in  modern  power  station  service  demands  the 
highest  grade  of  Condenser  Tubes — For  Condenser  Tubes  of  Quality  specify 
"Bridgeport." 

Bronzes.     In  rod  and  sheet. 

'"Bridgeport,"  a  special  bronze.  Great  tensile  strength  and  high  elastic  limit, 
for  shafting,  piston  or  plunger  work.  Also  Manganese,  Aluminum,  Phosphor 
and  Silicon  Bronze. 

Special  Shapes.  Drawn  or  stamped  from  Brass,  Copper,  Bronze  and  German 
Silver.  We  make  the  article  from  the  ingot  to  the  finished  product.  Send 
sample  or  blueprint  for  estimate  of  price. 


Steam   Traps 


MOREHEAD  MFG.  CO. 

DETROIT,  MICH. 

TILTING  STEAM  TRAPS,  RETURN,  NON-RETURN,  VACUUM  AND  CONDENSER 
TYPES,  FOR  DRAINING  HIGH  OR  LOW  PRESSURE  AND  VACUUM  HEATING 
SYSTEMS  OF  WATER  OF  CONDENSATION,  and  where  desired,  returning  the  condens- 
ation to  the  boiler  as  feed  water.  There  is  a  Morehead  Steam  Trap  to  meet  every  condition 
arising  in  a  steam  or  gas  plant. 


RETURN  STEAM  TRAP 


M:!rehead  Return  Steam  Trap 


The  Return  Steam  Trap  removes  water 
of  condensation  from  heating,  drying  and 
cooking  apparatus  and  returns  the  conden- 
sation direct  to  the  boilers  regardless  of 
any  difference  in  pressure  on  the  apparatus 
drained  and  the  boiler  or  whether  the  appar- 
atus is  located  above  or  below  the  water 
line.  It  is  admirably  adapted  for  use  as  a  lift 
pump  and  for  feeding  boilers  from  open  or 
closed  heaters.  It  handles  perfectly,  water 
at  any  temperature. 


Morehead  Non-Return 
Steam  Trap 


NON-RETURN  TRAP 

This  type  of  Morehead  Steam  Trap  is  especially 
adapted  to  the  removal  of  condensation  from  high 
or  low  pressure  steam  mains,  dryers,  heaters,  etc., 
and  delivering  the  water  to  an  open  tank,  hot  well 
or  feed  water  heater.  This  trap  has  a  removable 
seat  and  disc  in  the  valve.  It  discharges  from  low 
point,  insuring  an  effective  water  seal  at  all  times. 
It  is  guaranteed  for  200  lbs.  working  pressure. 


VACUUM  TRAP 


Morehead  Condenser  Trap 

This  is  a  cut  of  an  actual  installation. 
The  check  valves  and  gage  shown  in 
cut  are  only  furnished  as  extras. 


The  Vacuum  Trap  removes  automat- 
ically all  condensation  from  exhaust  lines 
and  oil  separators  operating  under  a 
vacuum  without  breaking  or  impairing 
that  vacuum.  It  delivers  the  water  of 
condensation  to  any  desired  point  above 
or  below  the  location  of  the  trap  and  is 
guaranteed  not  to  affect  the  vacuum  in 
in  any  way. 

CONDENSER  TRAP 

The  Condenser  Trap  is  a  combina- 
tion of  the  features  of  a  Morehead  Auto- 
matic Return  Trap  and  the  Jet  or  Spray 
Condenser.  It  is  especially  adapted  to 
service  en  exhaust  steam  and  reduced 
pressure  heating,  cooking  and  drying 
apparatus.  The  positive  vacuum  formed 
in  the  tank  of  the  trap  removes  rapidly  all 
condensation  in  the  system,  accelerates 
the  travel  of  the  steam  and  reduces  the 
back  pressure  on  the  engine. 
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Steam   Traps 


MOREHEAD  TILTING  NON-RETURN  STEAM  TRAPS 
Sizes  and  Capacities 


Capacity  In 

Drainage 

Capacity 

Capacity 

No 

Inlet 

Outlet 

Water 

Capacity  In 

Square  Feet 

Lineal  Feet 

Weight 

Inches 

Inches 

Discharged 

1  Inch 

Direct 

Hot  Blast 

per  Hour 

Pipe  Lineal 

Radiation 

Heater 

21 

1 

1 

200  gal. 

12000  ft. 

3000 

1300 

100 

22 

u 

u 

400   " 

25000   " 

5200 

2400 

175 

23 

u 

n 

600   " 

40000  " 

12000 

5200 

250 

24 

2 

2 

720   " 

60000   " 

21000 

9000 

275 

25 

21 

21 

900  " 

90000   " 

33000 

16000 

350 

26 

3 

3 

1300  " 

140000   " 

.   50000 

25000 

450 

MOREHEAD    TILTING   RETURN,   VACUUM 
STEAM  TRAPS 
Sizes  and  Capacities 


AND    CONDENSER 


No. 

Size  of 
Drum 

Size  of 
Inlet  and 

Outlet 
Connec- 
tions 

Inches 

Size  of 
Steam 
Pipe 
Connec- 
tions 
Inches 

Capacity  of 

Water  in 

Lbs.  per 

Hour 

Drainage 
Capacity 
in  feet  of 
1  inch  Pipe 
Lineal 

Capacity 

Square  Feet 

Direct 

Radiation 

Capacity 
Lineal 

Feet  Hot 

Blast 

Heater 

Weight 

1 

2 
3 
4 
5 
6 

10x24'       1 
12x30        U 
14x36        U 
16x40        2 
18x42        2| 
18x42        3 

1 

1 

u 
u 

2 
2 

1050 
1850 
4000 
6000 
11000 
15000 

5000 
9000 
20000 
35000 
50000 
75000 

2300 

4000 

9000 

16000 

25000 

40000 

1000 
1800 
4000 
7000 
12000 
18000 

100 
175 
250 
275 
350 
400 

The  above  capacities  are  figured  on  a  basis  of  50  pounds  pressure  to  the 
square  inch.  The  above  drainage  capacity  in  inch  pipe  is  based  on  ordinary 
radiating  conditions.  For  lumber  kilns,  greenhouses  and  moist  goods, 
divide  by  two.  For  laundries,  brick  dryers  and  wet  goods,  divide  by  three. 
For  fan  stacks  and  blowers,  divide  by  five. 

NOTE— 3  feet  of  1  inch  pipe  equals  one  square  foot  of  surface.  2.3  feet  of  lijnch  pipe  equals 
one  square  foot  of  surface.  2  feet  of  \\  inch  pipe  equals  one  square  foot  of  surface.  1.61  feet  of 
two  inch  pipe  equals  one  square  foot  of  surface. 

MOREHEAD   RECEIVERS 


No. 

Length 
Inches 

Height 
Inches 

Diame- 
ter 
Inches 

1 
2 

30 
40 

16 
20 

10 
12 

No.  1  Receiver  has  capacity  for  Traps  Nos.  1  and  2.  No.  2  Receiver 
has  capacity  for  Traps  Nos.  3,  4,  5  and  6. 

We  will  be  glad  to  advise  regarding  the  installation  of  traps  to  meet  the 
conditions  of  your  steam  sj-stem. 
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Injectors  and  Ejectors 


PENBERTHY  INJECTOR  CO. 

DETROIT,  MICH. 

New  York  City;  Windsor,  Can.;  London,  Eng. ;  Hanover,  Germany  and  Paris,  France 

MANUFACTURERS   OF  INJECTORS,  EJECTORS,  STEAM   SPECIALTIES 
AND  LUBRICATING  DEVICES. 


AUTOMATIC  INJECTORS 

All  our  claims  for  the  "Penborthy"  Injector 
are  based  on  actual  tests,  as  we  have  set  for 
this  machine  a  very  high  standard,  which  for 
years  has  been  steadily  advanced,  and  the 
"Penberthy"  to-day  is  better  than  ever  be- 
fore. Every  "Penberthy"  Injector  is  care- 
fully tested  before  leaving  the  factory,  and 
no  machine  is  allowed  to  go  out  that  will  not 
work  on  the  following  points,  while  nearly 
all  of  them  will  do  much  better.; 

Start  Low,  20  to  22  lbs.  steam  on  3-foot  lift. 
Work  Hiqh,  165  to  170  lbs.  steam  on  3-foot  lift. 
Lift  Wakr,  20  to  24 feet  on  60  to  80 lbs.  steam. 
Handles  Hot  Water, 

125°  to  130°  at  00  to  SO  lbs.  steam. 

115°  to  120°  at  100  lbs.  steam. 
95°  to  104°  at  125  lbs.  steam. 


Automatic  Oualities. — The  Penberthy  is  a 
]icrfect  restarting  automatic  machine.  By 
this  we  mean,  when  the  Injector  is  working  and  forcing  water  to  the  boih^r,  if  the 
current  of  water  be  suddenly  broken  by  any  cause,  such  as  a  sudden  jar  or  jolt, 
as  in  the  case  of  a  traction  engine  or  road  roller  or  in  the  case  of  a  marine  boiler, 
by  the  rolling  of  the  vessel  throwing  the  .sea-cock  out  of  the  water  for  a  moment, 
the  Injector  will  i)ick  up  the  water  and  again  establish  the  current  to  the  boiler 
automatically,  without  the  manipulation  of  a  single  valve  or  the  least  attention 
from  an  attendant. 


'XL-96"  IMPROVED  EJECTOR 


The  lifting  and  elevating  power  is  so  combined  in  the  XL-96  ejector  as  to  make 
it  un(iuestionaV)ly  tlie  best  d(>vicc  of  its  kind.  All  other  ejectors  which  will  lift 
20  feet  will  elevate  but  20  to  25  feet  additional,  and  this  only  on  very  hmilcd 
steain  pressures,  and  it  is  therefore  necessary  to  locate  other  ejectors  to  within 
a  few  inches  of  the  surface  of  water  and  operate  with  excessive  steam  pressure  if 
it  is  desired  to  transfer  water  any  great  distance  vertically.  The  XL-96  ejector 
lifts  22  to  25  feet.  Elevates  25  to  100  ft.  30  to  100  lbs.  pres.  Write  for  further 
information. 
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Valves  and  Water  Gages 


PENBERTHY  INJECTOR  CO. 


REGRINDING  GLOBE  VALVES 

The  ever  increasing  demand  to-day  by  Power  Plant 
owners  and  steam  users  in  general  is  for  valves  that  will 
!  ive  absolutely  reliable  service  and  dependability  under 
high  pressures  and  severe  conditions,  and  that  are  free 
from  unnecessary  renewal  of  discs  and  repair  parts.  To 
meet  this  demand  the  Penberthy  Regrinding  Valve  has 
been  designed.  It  is  the  result  of  many  years  practical 
experience  in  the  manufacture  of  high  grade  brass  goods, 
and  embodies  the  best  mechanical  ideas  ever  employed 
in  mechanical  construction.  It  is  the  heaviest  regrinding 
valve  manufactured,  and  the  distribution  of  metal  is 
such  that  parts  subjected  to  the  greatest  strain  and  wear 
have  proportionately  heavier  walls.  For  the  present  we 
illustrate  only  the  medium  ])attern  type,  which  we 
guarantee  to  stand  a  constant  working  jiressure  of  200 
pounds. 


SAFEGUARD  WATER  GAGE 

The  Penberthy  Safeguard  Automatic  Water  Gage 
is  tested  to  300  pounds  and  given  a  thorough  ex- 
amination before  being  sent  out  from  the  factory. 
Constructed  simple  and  strong,  there  are  no  springs 
or  levers  to  get  out  of  adjustment,  no  unnecessary 
parts  or  complications.  Operates  on  any  pressure. 
Self-Clean iug  by  the  action  of  the  blow-off  vibrating 
the  balls.  The  cleaning  stem  in  lower  shank  goes 
all  the  way  through  into  the  boiler,  absolutely  pre- 
venting opening  from  ever  being  closed  by  scale, 
etc.  All  dirt,  deposit  and  sediment  is  forced  out 
through  pet-cock  each  time  glass  is  blown.  Balls 
cannot  seat  unless  the  glass  is  broken  because  the 
upper  ball  seat  is  designed  to  leak.  This  leak  can 
never  be  stopped  accidentalh',  as  the  ball  seat  is 
square  in  the  ^  g"  and  3  •>"  sizes  and  hexagonal  shaped 

in  the  ^4"  size,  allowing  passages  which,  because  of  their  shape  and  size,  can 
never  become  clogged.  This  leak,  also,  is  positively  necessary  to  insure  per- 
fect operation  of  an  automatic  gage.  It  is  the  only  mechanical  means  of  prevent- 
ing a  false  water  level  from  being  shown,  and  any  automatic  gage  not  so  con- 
structed is,  for  that  reason,  unsafe.  The  Penberthy  dripless  pet-cock,  with  which 
all  Safeguard  Gages  are  equipped,  is  slow-opening  and  closing,  thus  allowing  the 
blowing  ofT  of  the  gage  to  be  done  gradually,  which  prevents  the  balls  from  seat- 
ing as  they  might  do  in  shutting  off  the  quick-opening  and  closing  pet-cock,  with 
which  all  other  automatic  gages  are  equipped.     Write  for  further  information. 
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Steam  Specialties 


JULIAN  D'ESTE  COMPANY 

24  CANAL  ST.,  BOSTON,  MASS. 

BRASS  FOUNDERS,  FINISHERS  AND  MACHINISTS,  SOLE  MANUFACTURERS  OF  CURTIS 
ENGINEERING  SPECIALTIES,  INCLUDING  DAMPER  REGULATORS,  IMPROVED  PRES- 
SURE REGULATORS,  IMPROVED  PUMP  REGULATORS,  WATER  PRESSURE  REGULA- 
TORS, EXPANSION  TRAP,  RETURN  STEAM  TRAP,  BALANCED  STEAM  TRAP,  RELIEF 
VALVE  FOR  STEAM  AND  WATER,  STEAM  SEPARATOR,  TEMPERATURE  REGULATOR, 
PUMP  GOVERNOR  AND  PUMP,  BLOWER  VALVE,  CELLAR  DRAINER,  U.  S.  BALL 
COCK,  ETC.  

THE  CURTIS  IMPROVED  (PATENT)  DAMPER 
REGULATORS 

The  plunger  is  operated  by  steam  direct  from  the  boiler,  and 
the  whole  pressure  in  the  boiler  is  therefore  available  to  operate 
the  damper  if  needed.  In  practice,  only  enough  pressure  is  used 
to  lift  the  weight,  usually  not  more  than  ten  pounds  to  the 
square  inch  on  the  plunger. 

The  motion  of  the  damper  will  begin  to  change  from  one  direc- 
tion to  the  other  on  a  variation  of  steam  pressure  of  one  half  of 
a  pound  either  way  from  the  point  at  which  it  is  set  to  operate. 

We  guarantee  a  saving  of  ten  per  cent  of  the  fuel  over  the  bett 
hand  regulation  or  the  old  style  (diaphragm  and  lever  regulator), 
and  it  often  reaches  fifteen  per  cent. 

They  are  sent  on  thirty  days'  approval  and  will  pay  their  cost 
by  the  saving  of  fuel  in  one  year.     Three  Standard  Sizes. 


IMPROVED  STEAM  PRESSURE  REGULATORS 

This  regulator  is  made  entirely  of  metal,  occupies  the  same 
space  as  a  globe  valve  for  the  same  size  pipe,  and  is  very  simple 
and  sensitive. 

By  its  use  steam  may  be  maintained  at  high  pres- 
sure in  boilers,  and  yet  be  reduced  for  heating  to 
two  or  three  pounds. 

In  the  best  engineering  practice  the  exhaust  steam 
of  the  engine  and  elevator  is  turned  into  the  heating 
system  of  a  building,  and  the  Regulator  automatic- 
ally supplies  just  the  amount  lacking  to  maintain 
constant  pressure  in  the  pipes  and  radiators. 

Standard  sizes  for  1,  IH,  1,1  i,  2,  23^2,  3,  4,  5,  6,  7, 
S,  10,  12,  14,  and  16  inch  pipe. 

A  lockup  top  furnished  at  small  additional  cost. 

THE  CURTIS  BALANCED  STEAM  TRAP 

Some  Points  of  Superiority 

1.  A  perfectly  balanced  valve. 

2.  An  absolutely  frictionless  valve. 

3.  The  valve  can  be  removed  without  breaking  a 
joint,  starting  a  gasket,  or  taking  out  a  bolt. 

4.  The  valve  being  frictionless  and  balanced,  the 
whole  power  of  the  float  is  available  for  opening  and 
closing  the  valve. 

5.  The  copper  float  is  perfectly  spherical,  hard,  as  hermetically  sealed  as  a  glass 
globe,  is  of  uniform  thickness  and  warranted  strong  and  tight  at  250  lbs.  pressure. 

6.  It  has  a  pass-by  valve  to  insure  constant  operation. 

7.  Each  trap  will  operate  perfectly  on  pressures  varying  from  one  to  250  pound  .. 


Steam  Pressure  Regulator 


PRICE  LIST 

■Size  and  Condensing  Capacity  in  Feet  of 

No.  000,       $15.00  for     1,000  feet 

20.00  for 

25.00  for 

30.00  for 

40.00  for 


Balanced  Steam  Trap 


No 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


00. 
0, 
1. 

2. 

2H 

3, 

4, 

5, 


1/2  in. 

J-^  in. 

14  in. 

U  in. 


2,000  feet 
3,000  feet 
5,000  feet 

-„.. 8,000  feet  1 

55.00  for  15,000  feet  IXi  in. 

75.00  for  30,000  feet  l}i  in. 

100.00  for  40,000  feet  2        in. 

125.00  for  60,000  feet  3       in. 


One-Inch  Pipe 
inlet  and  outlet 
inlet  and  outlet 
inlet  and  o\itlet 
inlet  and  outlet 
inlet  and  outlet 
inlet  and  outlet 
inlet  and  outlet 
inlet  and  outlet 
inlet  and  outlet 
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Valves  find  Fittitujs 


McNAB  cV  HARLIN  MFG.  CO. 

55  John  Street,   NEW  YORK  CITY 

BRASS  AND   IRON    GOODS:    FITTINGS,  VALVES,   COCKS,  PIPE,  ETC., 
FOR  STEAM,  WATER  AND  GAS 


CAST  IRON  FITTINGS— SCREWED 

"MH"  Fittings  are  made  of  the  best  quality  grey  iron  and 
threaded  to  Briggs  Standard  Gauge.  We  have  a  rouiijlete 
line  of  patterns  for  all  styles,  in  iDoth  Standard  and  ]']xfra 
Heavy. 

In  addition  to  our  full  line  of  steam  fittings,  we  have  a 
complete  line  of  patterns  for  Drainage  Fittings,  and  L  )ng 
Turn  Fittings  j^articularly  adapted  to  Sprinkler  Work. 

CAST  IRON  FITTINGS— FLANGED 

^^'e  carry  a  very  large  and  complete  stock  of  both 
Standard  and  High-Pressure  Flanged  Fittings,  in  all 
styles  and  sizes,  and  are  in  a  position  to  furnish  these 
goods,  which  are  designed  for  high  grade  power  plant 
installation,  on  very  short  notice. 


BRASS  FITTINGS 

"MH"  Brass  Fittings  are  made  from  a  standard  composi- 
tion best  suited  for  this  class  of  work.  Having  a  complete 
line  of  patterns  for  both  Flanged  and  Screwed,  we  are  in  a 
position  to  furnish  these  Fittings  from  the  Malleable  and  the 
Cast  Iron  patterns  very  promptly. 

STEAM  METAL  VALVES 

Our  line  of  patterns  for  Steam  Metal  ^'alves  in  the  different 
styles,  viz.:  Cdobe,  Angle,  Cross,  Gate  and  Check,  is  very  com- 
plete, and  we  are  in  a  position  to  furnish  these  goods  to  stand  all 
requirements,  from  the  ordinary  pressures  to  the  extreme  high 
pressures,  which  we  find  are  being  used  more  extensively  every 
day.  We  have  just  added  to  the  extensive  line  of  "MH"  goods, 
a  complete  set  of  patterns  for  "MH"  Regrinding  Valves.  These 
Valves  are  made  of  the  best  quality  steam  metal  and  are  equal 
to  any  Regrinding  Valve  on  the  market. 

IRON  BODY  VALVES 

We  manufacture  a  complete  line  of  "MH"  Iron  Body 
Valves,  in  Globe,  Angle,  Cross,  Gate  and  Check,  both 
Flanged  and  Screwed,  Inside  Screw  and  O.  S.  &  V.  In 
keeping  with  our  line  of  Brass  Valves,  we  have  a  full  set 
of  patterns  for  these  goods,  both  Standard  and  Extra 
Heavy,  and  recommend  them  to  give  perfect  satisfaction, 
as  the  materials  entering  into  their  manufacture  are  of  a 
high  grade,  and  the  workmanship  first  class. 

We  are  devoting  special  attention  to  Power  Plant  In- 
stallation, and  solicit  your  inquiries  for  the  material  re- 
quired in  this  line  of  work. 

For  a  complete  description  and  dimensions  of  the  full 
line  of  "MH"  goods,  we  refer  you  to  our  illustrated  cata- 
log, which  can  be  obtained  on  application. 
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Branches  in  Forty-four  Cities. 


CRANE  CO. 

836  So.  Michigan  Ave.,  CHICAGO,  ILL. 

Cable  address,  Cranecoy,  Chicago. 

CAST  STEEL  VALVES  AND  FITTINGS;  CRANETILT  STEAM  TRAPS; 
VALVES,  COCKS  AND  FITTINGS  IN  BRASS,  MtA.LLEABLE  IRON  AND 
CAST  IRON;  STEAM  SPECIALTIES;  COMPLETE  PIPING  EQUIPMENT; 
PIPE  BENDS;  PIPE    FITTERS'  TOOLS;    ENGINEERS'   SUPPLIES,    ETC. 


CRANE  CAST  STEEL  VALVES  AND  FITTINGS 

We  have  been  manufacturing  for  some  time  a  line  of  steel  fittings  to  meet  a 
steadily  growing  demand  for  a  superior  grade  of  goods,  especially  adapted  for 
High  Pressure,  Saturated  and  Superheated  8team  Lines  and  Extreme  Hydraulic 
Service.     These  are  suitable  for  steam  working  pressures  up 
to  350  pounds,  and  for  superheat  up  to  a  total  temperature 
of  SOO  degrees. 


Nos   2 1 A,  23 A  and  B,  27A,  29A  and  B 
Cast   steel   body,     yoke   and    swivel    disc    (sizes 
above  31    inch,    disc    nickel    faced;  3j    inch    and 
smaller,   solid   nickel  disc)  nickel  seats  and  rolled 
Monel  Metal  or  steel  stems. 


No.  7A 
Cast  steel  body, 
bonnet,  yoke  and 
disc  (sizes  above  2 
inch,  disc  nickel 
faced;  2  inch  and 
smaller,  solid  nickel 
disc)  nickel  seats 
and  rolled  Monel 
Metal  Stem. 

We  carry  the  following  steel  goods  in  stock: 
No.  7A  Straight-Way  Valves 

Outside  screw  and  yoke,  nickel  seats,  rolled  Monel  Metal  stem. 
No.  9 A  Straight-Way  Valves 

Outside  screw  and  yoke,  nickel  .seats,  rolknl  Monel  Metal  stem. 
No.  21A  Globe  Valves 

Outside  screw  and  yoke,  nickel  seats,  rolknl  Monel  Metal  stem. 
No.  23A  and  B  Angle  Valves 

Outsitle  screw  and  yoke,  nickel  seats,  rolled  Monel  Metal,  or 

cold  rolled  steel  stems. 
No.  101 D  Steel  Flanged  Elbows 

Straight  sizes. 
No.  lOr^p  Steel  Flanged  Tees 

Straight  sizes. 
Screwed  Elbows 

Straight  sizes. 
Screwed  Tees 

Straight  sizes. 

Further  particulars  will  be  found  in 
tober  1910. 


No.  loiD  and 
No.  105D 

Extra  Heavy  Cast 
Steel  Flanged  Fit- 
tings, 


12  inch 
and  smaller 

14  inch 
and  smaller 

t)  inch 
ami  smaller 

G  inch 
and  smaller 

12  inch 
and  smaller 

12  inch 
anil  smaller 

4  inch 
and  smaller 

4  inch 
I  and  smaller 

)ur  Special  Steel  Catalogue  No.  70,  Oc- 
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Steam   Traps 


CRANE  CO. 


CRANETILT   STEAM   TRAPS 

NON-RETURN  PATTERN 
The  recciviiif^  or  tilting  tank  is  made 
of  malleable  iron,  cawt  in  one  piece  of 
iniiform  thiekness.  They  are  tested 
to  SOO  pounds  hydraulic  pressure  per 
s(iu;ue  inch  and  are  fully  capable  of 
withstanding  the  severe  strains  to 
which  Tilting  Traps  are  subjected. 

All  operating  parts  are  on  the  outside 
and  the  Discharge  Valves  are  of  specia  1 
design,  having  exceptionally  large 
openings.  The  brass  working  parts  are 
made  of  "Crane  Hard  Metal"  which 
-J  has  wearing  qualities  almost  equal  to 
steel  and  successfully  resists  the  cutting  effects  of  steam  and  water. 


Capacities  pe 

r  Hour  Based 

Pipe  Con- 

on Ordinar\ 

Condensing 

Dimensions 

nections 

Conditions 

List  Piice  in- 

Lineal Feet 

Pounds  of 

cluding  Sedi- 

Size  of 

cf  1  Inch  Pipe 

Water  Dis- 

Size   of 

ment  Tra,), 

Inlet  and 

Trap  will 

charged  witli 

Over  AH 

Extreme 

Tiao 

but  no  Check 

Outlet 

Drain  with 

50  lbs.  pres- 

Inches 

Height 

Number 

Valves  or 
Fittings 

Inches 

50  lbs.  Pre.s- 
.sureat  theTrap 

sure  at  the 
Trap 

Inches 

30 

$2.0.00 

'i 

6,000 

1,200 

i^.'axli; 

19?<4 

32 

45.00 

lij 

15,000 

3,000 

24^x145^ 

2414 

33 

55.00 

H 

30,000 

6,000 

28     xlSJ-.i 

28 

34 

85.00 

1 

50,000 

10,000 

32>^x20H 

31 

35 

115.00 

iM 

75,000 

15,000 

36     x23 

33 

3(3 

150.00 

I'i 

100,000 

20,000 

42     x25J4 

36 

37 

200.00 

2 

150,000 

30,000 

47>^x29H 

41 

38 

300.00 

2'  ■) 

200,000 

40,000 

54     x33i^ 

50 

39 

425 . 00 

Z 

250.000 

50.000 

61      x37  Si- 

56 

DIRECT  RETURN  PATTERN 
This  pattern  will  automatically  re- 
turn all  condensations,  at  any  pi-es- 
sure  or  temperature,  directly  back  into 
the  boiler.  Direct  Return  Traps  re- 
ciuire  live  steam  from  the  boiler  for 
their  operation,  which  is  automatically 
controlled  through  the  steam  jiort  of 
the  Duplex  ^■alve.  Cranetilt  .Steam 
Traps  will  handle  condensation  from  all 
sources,  under  any  condition  of  service, 
and  imder  any  pressure  up  to250  pounds . 
They  also  have  a  maximum  di.^-chiug- 
ing  capacity.  Each  trap  is  given  a 
thorough  steam  test  and  guaranteed  in 
perfect  working  order  before  shipment. 


Capacities 

per  Hour 

Pipe  Connections 

Based  on 

Ordinary 

Dimensions 

Condensing  Conditions 

List  Price  in- 

Size of 

cluding  Sedi- 

Size of 

Size  of 

Lineal  Ft. 

Pounds  of 

Trap 

ment  Trap, 

Water 

Steanl 

of  1  Inch 

Water  Trap 

Over  All 

Extreme 

Num- 

Two Swing 

Inlet  and 

and  Vent 

Pipe  Trap 

will  Dis- 

Inches 

Height 

ber 

Check  A'alves, 

Discharge 

Valve 

will  Drain 

charge 

Inches 

Tee  and  Nipples 

Inches 

Inches 

into  Boiler 

90 

S60 . 00 

'2 

.'2 

4,000 

800 

25     xl5?i 

27 

91 

75.00 

?4 

u 

7,500 

1,500 

28Mxl9J^ 

31 

92 

100  00 

1 

1 

12,500 

2,500 

33     x21M 

36 

93 

1.50.00 

1'4 

1?4 

18,000 

3,600 

375^x2414 

38 

94 

200 . 00 

1'2 

1,4 

25,000 

5  000 

42 '-2x27 

42 

95 

300 . 00 

2 

2 

39,000 

7,800 

511-2x30^ 

50 

96 

400.00 

2Vi 

2]^^ 

57.500 

11,500 

60     x34M 

55 

97 

550 . 00 

3 

3 

77, .')()() 

15,500 

68     x38M 

65 

98 

7.50 .  00 

4 

3 

140.000 

28.000 

76     x44?i 

70 

(See  also  following  pages) 
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Valves  and  Fittings 


(Continued  from  preceding  pages) 

CRANE  CO. 

CHICAGO,  ILL. 

SUMMARY  OF  CRANE   PRODUCTS 

We  give  on  this  and  the  succeeding  page  a  description  of  our  Hne.  We  carry 
in  stock  at  our  l:)ranch  houses  a  hirge  supply  of  the  goods  hsted  below  and  ai'c 
prepared  to  fvn-nish  SPECIAL  VAL\'E>S,  FITTINGS,  etc.,  to  meet  specific  re- 
(luirenients  or  conditions,  without  delay. 

The  term  STANDARD  is  applied  to  those  goods  intended  for  working  steam 
l)ressures  not  exceeding  125  pounds.  The  LOW  PRESSURE  FITTINGS,  etc., 
may  be  used  for  STEAM  WORKING  PRESSURES  up  to  25  pounds,  while  the 
MEDIUM  GOODS  are  intended  for  175  to  225  pounds.  The  EXTRA  HEAVY 
are  designed  for  STEAM  WORKING  PRESSURES  up  to  250  pounds. 

The  proportionate  WATER  WORKING  PRESSURES  mav  be  taken  as  fol- 
lows: LOW  PRESSURE,  STANDARD  and  MEDIUM,  40  i)er  cent  greater  than 
the  steam  pressure  on  sizes  12  inch  and  smaller;  sizes  14  inch  and  larger,  20  per 
cent  greater. 

STANDARD  GOODS 

We  manufacture  brass  GLOBE,  ANGLE  anil  CROSS  VALVES,  screwed,  in 
sizes  from  3  s  to  4  inches;  and  the  flanged  pattern  from  ?4  to  4  inches.  The  brass 
CHECK  VALVES  are  made  in  many  patterns,  the  sizes  of  which  run  from  3^8 
to  3  inches.  The  brass  line  also  includes;  HOSE,  GARDEN  HOSE,  COKE 
OVEN,  NEEDLE  POINT,  STRAIGHT-WAY  and  HOSE  GATE.  Our  lines  of 
RADIATOR  VALVES  and  FITTINGS,  BRASS,  STEAM  and  GAS  COCKS 
are  complete.  The  CAST  IRON  FITTINGS  include  COCKS  of  various  pat- 
terns; GLOBE,  ANGLE  and  CROSS  VALVES  with  yoke  as  well  as  the  regular 
jiat terns;  the  sizes  of  the  latter  ranging  from  '  2  to  3  inches,  ^^'e  handle  BRASS 
and  CAST  IRON  PIPE  FITTINGS  in  both  the  screwed  and  flanged  patterns 
as  well  as  MALLEABLE  PIPE  FITTINGS  screwed.  With  the  STANDARD 
GOODS  are  also  included  IRON  STRAIGHT-WAY  VALVES,  EXPANSION 
JOINTS  with  iron  body  and  brass  sleeve,  RAILING  FITTINGS,  DRAINAGE 
FITTINGS,  STEAM  FITTERS'  and  ENGINEERS'  TOOLS,  PIPE  BENDS, 
and  PIPE  SUPPORTS,  BRACKETS,  etc. 

LOW  PRESSURE   GOODS 

The  ALPHA  STRAIGHT- WAY  WEDGE  GATE  VALVES  have  been  de- 
signed for  use  in  connection  with  hot  water  and  low  pressure  steam  heating 
systems  and  plumbing,  and  are  made  in  si;5es  ranging  from  }  2  to  2  inches.  The 
regular  low  pressure  STRAIGHT-WAY  or  WEDGE  GATE  VALVES  are  made 
in  several  patterns  and  in  sizes  up  to  72  inches.  The  low  pressure  PIPE  FIT- 
TlXCiS  are  of  the  flanged  i)attern  and  include  ELBOWS,  45  degree  ELBOWS, 
TEES,  REDUCING  TEES,  CROSSES,  REDUCING  CROSSES,  LONG 
RADIUS  ELBOWS,  SQUARE  and  ROUND  BASE  ELBOWS  and  TAPER 
REDUCERS. 

MEDIUM  PRESSURE  GOODS 

This  line  includes  the  CRANE  NAVY  GLOBE,  ANGLE,  CROSS  and  CHECK 
VALVES  made  of  CRANE  SPECIAL  BRASS;  the  screwed  pattern  being  made 
in  sizes  ranging  from  H  to  4  inches  and  the  twanged  pattern  from  %  to  4  inches. 
The  brass  STRAIGHT-WAY  or  \AEDGE  CiATE  \'ALVES  come  with  non- 
rising  stems,  either  screwed  or  flanged,  while  the  rising  stem  pattern  has  a  yoke 
and  is  screwed.  We  also  make  in  the  medium  class,  GLOBE,  ANGLE  and 
CROSS  VALVES  with  FERROSTEEL  bodv,  flanged  in  sizes  ranging  from  2 
to  12  inches;  the  STRAIGHT-WAY  or  WEDGE  GATE  FERROSTEEL 
VALVES  are  made  in  sizes  up  to  24  inches. 
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CRANE  CO. 


EXTRA   HEAVY  GOODS 

lender  this  heading  will  ho  found  FERROSTEEL  STRAIGHT-WAY  VALVES 
in  ton  patterns,  including  the  ELECTRICALLY  and  ('YLINDER  OPERATED 
DESIGN ;  the  sizes  run  up  to  24  inches  and  hu'ger.  The  FERROSTEEL  GLOBE, 
ANGLE  and  ('ROSS  VAL\'ES  are  made  with  yoke,  have  hard  metal  seats  and 
are  flanged;  the  sizes  raiijio  from  2  to  15  inches.  The  EXTRA  HEAVY  VALVE 
line  also  include  S\\TX(;  CHECK  VALVES,  flanged  sizes  from  2  to  15  inches- 
CJLOBE  and  ANGLE  THROTTLE  VALVES,  flanged,  in  sizes  from  3  to  8  inches' 
AUTOMATIC  STOP-CHECK  VAIA'ES  in  GLOBE  and  ANGLE  PATTERN, 
flanged,  sizes  2  to  15  inches;  EMERGENCY  STOP  VALVES  in  sizes  from  4  to 
16  inches;  EXPANSION  JOINTS— iron  body  and  brass  sleeve,  in  sizes  2  to  IS 
inches — these  are  also  made  with  special  traverse  and  extra  long  traverse; 
BALANCED  EXPANSION  JOINTS;  SWIVEL  EXPANSION  JOINTS; 
GLOBE,  ANGLE,  CROSS  and  CHECK  VALVES;  REGRINDING  SWING 
CHECK  VALVES;  HORIZONTAL  CHECK  VALVES;  UNIONS,  ROUGH 
BRASS  FITTINGS,  MALLEABLE  IRON  FITTINGS,  CAST  IRON  FLANG- 
ED FITTINGS,  GASKETS,  FLANGED  PIPE  JOINTS. 

HYDRAULIC  GOODS 

All  of  these  arti<'los  have  boon  d(>signod  for  water  working  pressures  uj)  to 
from  SOO  to  1200  i)ounds.  The  line  includes  STRAIGHT-WAY  VALVES  out- 
side screw  and  voke  with  or  without  by-j)ass  in  sizes  from  II9  to  12  inches; 
SWING  CHECK  VALVES  in  sizes  from  2].4  to  12  inches;  GLOBE,  ANGLI'] 
and  CHECK  VALVES,  MALLEABLE  IRON  FITTINGS,  BRASS  UNIONS. 
FERROSTEEL  FLANGED  FITTINGS  and  COMPANION  FLANGES  for 
pressures  up  to  2500  pounds;  CAST  STEEL  HYDRAULIC  VALVES,  FI'l- 
TINGS  and  FLANGES  for  pressures  up  to  3000  pounds. 

PIPE 

Wq  can  supply  promptly  SEAMLESS  DRAWN  BRASS  and  COPPER  TUIi- 
ING  in  iron  jiipe  sizes,  STANDARD  WEIGHT  SPIRAL  RIVETED  PRES- 
SURE PIPE,  STRAIGHT  SEAM  STEEL  RIVETED  PIPE,  and  WROUGH^r 
PIPE — either  black  or  galvanized. 

SPECIALTIES  AND  TRIMMINGS 

These  are  AUTOMATIC  EXHAUST  RELIEF  VALVES,  AUTOMATIC 
STOP  CHECK  VALVES,  CHICAGO  and  NAVY  UNIONS,  BOILER  FIT- 
TINGS, CRANE  CEMENT  for  making  tight  pipe  joints,  STEAM  WHISTLES, 
WATER  GAUGES,  OIL  and  GREASE  CUPS,  LUBRICATORS,  COCKS, 
PRESSURE  and  VACUUM  GAUGES,  FUSIBLE  PLUGS,  BACK  PRESSURE 
VALVES,  LEVER  SAFETY  VALVES,  POP  SAFETY  VAL\ES,  BLOW-OFI' 
VALVES,  BLOW-OFF  CROSSES,  PRESSURE  REGULATORS,  FLOAT 
VALVES,  EXHAUST  PIPE  HEADS,  INJECTORS,  AUTOMATIC  DUPLEX 
FEED  PUMPS  and  RECEIVERS,  PUMPS,  FLEXIBLE  JOINTS,  KLING- 
ERIT  PACKING,  E.  C.  &  B.  PIPE  MACHINES,  STEAM  and  OIL  SEPA- 
RATORS, CRANE  VACUUM  OIL  SEPARATORS,  MACHINE  BOLTS. 

POCKET  CATALOGUE 

We  have  just  issued  a  new  edition  which  will  be  found  very  complete  and 
useful.     It  is  designated  as  No.  40  and  dated  May  1913. 
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x\ATIONAL  TUBE  COMPANY 

General  Sales  Offices,  FRICK  BLDG.,  PITTSBURGH,  PA. 

DISTRICT  SALES  OFFICES— Atlanta,  Boston,  Chicago,  Denver,  Kansas  City,  New  Orleans, 

New  York   Philadelphia,  Pittsburgh,  St.  Louis,  St.  Paul,  Salt  Lake  City. 

PACIFIC  COAST  representatives— U.  S.  Steel  Products  Co.,  San  Francisco,  Portland, 

Seattle,  Los  Angeles.  ,  ^      ,  ^        »t       ,-     ,    ^.• 

EXPORT  representatives— U.  S.  Steel  Products  Co..  New  \  ork  City. 


ONLY  FULL  STANDARD  WEIGHT 
PIPE    MADE    IN    THE     FUTURE 

Beginning  January  i,  1913,  the  National  Tube  Company  will  manufacture 
only  Full  Standard  Weight  Pipe. 

In  the  past,  the  diversified  purposes  for  which  pipe  was  used  led  to  a  number  of 
so-called  "Merchant"  grades,  varying  to  some  extent  from  standard  pipe.  This 
change  from  standard  weight  was  warranted  for  certain  purposes,  but  the  neces- 
sity for  various  stocks  on  the  part  of  dealers  produced  uncertainty  in  the  mind 
of 'tlie  consumer  as  to  the  weight  of  pipe  received,  and  from  time  to  time  sub- 
stitutions were  made.  .  ,,.,,,, 

The  result  of  substituting  a  light  weight  pipe  where  standard  wtMght  should 
have  been  used  frequently  involved  both  trouble  and  misunderstanding,  whereas 
fvill  weight  pipe,  if  there  were  no  other,  could  be  used  just  as  well  for  all  purposes 
where  "Merchant"  weight  had  been  used. 

To  the  ultimate  consumer  and  user,  who  is  not  always  equipped  to  weigh  and 
inspect  every  length  of  pipe  the  advantages  of  a  single  HIGH  standard  are 
obvious. 

MARKING 

Nam?  Rolled  in  Raised  Letters  on  National  Tube  Co.  Pipe 

To  readily  identify  "NATIONAL"  material,  and  as  protection  to  manufacturer 
and  consunier  alike,  the  practice  of  National  Tube  Company  is  to  roll  in  rai.sed 
letters  of  good  size  on  each  few  feet  of  every  length  of  welded  pipe  the  name 
"NATIONAL"  (except  on  the  smaller  butt-weld  sizes,  on  which  this  is  not 
me(;hanicallv  feasible).  ,        „  ^       •     , 

In  addition,  all  sizes  of  "NATIONAL"  welded  pipe  below  four  or  hve  inches 
are  subjected  to  a  roU-knobbling  jn-ocess  known  as  "Spellerizing"  to  lessen  the 
tendency  to  corrosion,  especially  in  the  form  of  pitting.  This  "Spellerizing"  pro- 
cess to  which  National  Tube  Company  has  exclusive  rights,  is  peculiar  to 
"NATIONAL"  pipe. 

To  Summarize: 

{(i)  The  heavier  pipe  is  stronger  at  the  weld,  more  easily  threaded,  and  the 
extra  thickness  adds  just  that  much  to  the  durability.     (6)  When  specifications 
call  for  "NATIONAL"  pipe  it  is  not  necessary  to  say  "full  standard  weight, 
"tSpellerized,"  nor  any  other  qualifying  phrase.    The  term  "NATIONAL"  pipe 
involves  all  of  these.  ,     ,     ,  77       ,      i 

Write  today  for  a  copy  of  "Modern  Welded  Pipe"— the  book  that  lells  about 
"NATIONAL"  Pipe. 
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NATIONAL  TUBE  COMPANY 


"KEWANEE"   UNIONS 
"Kewanee"  Combination  Brass  and  Iron  Ground  Ball  Joint. 


(a) 

(b) 
(c) 
(cl) 
(e) 


Octagon  Pattern,  Fig.  H-300 
"The  Union  with  no  Inserted   Parts" 

Five  "  Kewanee  "  Advantages 

Brass  to  iron  thread  connect  ion- -No  corrosion. 

Brass  to  iron  ball  joint  seat — No  Gasket. 

125  pounds  compressed  air  te.st  under  water — No  defective  fittings. 

Solid,  three  piece  construction — No  inserted  parts. 

Easily  disconnected— No  force  required. 


These  advantages  are  common  to  each  type  and  pattern  of  "  Kewanee " 
Unions  and  "Kewanee"  Specialties. 

"  The  Whole  Kewanee  Family,"  an  illustrated  book  of  48  pages,  contains 
valuable  information  to  users  of  imions  and  other  fittings.  Ask  for  a  copy — its 
free!     A  post-card  will  bring  it  to  you. 


Size 

Black . 

Galvanized 

inches 

each 

.18 
.22 

H 

Vs 

'A 

H 

1 

IM 

.19 
.23 

.22 
.26 

.27 
.34 

.40 
.49 

.48 
.60 

.66 

.82 

Size 

Black 

Galvanized 

inche 

each 

IH 

2 

2H 

3 

3  1/2 

4 

.80 
1.10 

1.14 
1.40 

2.10 
2.75 

2.65 
3.50 

4.30 
6.30 

5.50 
7.50 
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JEFFERSON   UNION   COMPANY 

LEXINGTON,  MASS. 

UNIONS  AND  FLANGES  FOR  OIL,  STEAM,  WATER  AND  GAS  UNDER 
ALL  PRESSURES.  Malleable  iron  only  is  used  for  standard  goods  and  brass 
tubing  for  rings  for  seats. 


Fig.  A  4 

JEFFERSON    UNION 

All  Female 

Jefferson  Unions  are  made  with  spherical  brass  to  iron  seats  ground  to  a 
perfect  fit.  The  ring  R  is  of  wrought  metal,  cut  from  seamless  brass  tubing, 
avoiding  blowholes  conunon  in  cast  brass.  There  are  special  advantages  in  the  use 
of  the  brass  ring  in  just  the  manner  shown  and  the  wall  B  is  patented  owing  to 
these  advantages,  which  include  protecting  the  brass  from  injury  no  matter  how 
far  the  pipe  is  screwed  in.  No  gasket  is  used  and  there  is  plenty  of  play  for  the 
part  F  which  swivels  in  the  nut. 

The  following  illustrations  show  a  few  of  the  many  styles  in  which  these  unions 
are  made  including  Male  and  Female,  All  Male,  90°  and  45°  Elbows,  Tees,  and 
Reducing. 

The  Swing  Union  (Fig.  A17)  may  be  used  for  any  angle. 

The  Thrc(>  Part  Flange  (Fig.  A29)  for  use  where  pressures  do  not  exceed  200 
pounds  is  very  economical.  In  applying,  the  ends  are*  screwed  onto  the  two 
pieces  of  pipe.  Then  the  loose  collar  is  swiveled  around  and  the  bolt  holes  in 
the  flanges  brought  into  position  for  screwing  down  the  nuts  without  a  moment's 
delay.  Owing  to  the  ball  joint,  the  Jefferson  Flange  Union  will  make  up  as  tight 
when  the  pipes  are  slightly  out  of  line  as  when  they  are  in  line. 

The  Two  Part  Flange  (Fig.  A30)  is  made  in  two  weights,  the  Style  D  for 
pressures  to  500  lbs.,  and  the  Style  E,  extra  heavy,  for  pressures  to  lOOb  lbs. 

All  Jefferson  Unions  are  made  with  Brigg's  Standard  Taper  Pipe  Threads. 


Fig.  A  5 
MALE  AND  FEMALE 
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JEFFERSON   UNION  COMPANY 


Fig.  A  29 

JEFFERSON  FLANGE  UNION 

Three  Part 


Fig.  A  6 
MALE  AND  FEMALE 


Fig.  A  16 

TEE-UNION  ON  OUTLET 

Male  and  Female 


Fig.  A  30 

JEFFERSON  FLANGE  UNION 

Two  Part 


Fig.  A  9 

90°  UNION  ELBOW 

All  Female 


Fig.  A  12 

45°  UNION  ELBOW 

Male  and  Female 


Fig.  A  17 
SWING  UNION 
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Fig.  A  10 

90°  UNION  ELBOW 

Male  and  Female 


Fig.  A  13 

TEE-UNION  ON  RUN 

All  Female 


Un 


ions 


ILLINOIS  MALLEABLE  IRON  CO. 

1801-25  DIVERSEY  PARKWAY,  CHICAGO,  ILL. 
THE  NOKOROS  PATENT  UNION 


The  only  Union  made  absolutely  NON-CORROSIVE  at  all  contact  points. 
Non-corrosive  Brass  to  Iron  thread  connection. 
Non-corrosive  Brass  to  Iron  seat  between  ring  and  tail-piece. 
Octagon  shape,  a  monkey  wrench  will  turn. 


Size,  inches 

M 

% 

y2 

M 

1 

IM 

l>i 

2 

2y, 

3 

Plain,  each 

Galvanized,  each 

.19 
.23 

.22 
.26 

.27 
34 

.40 

.49 

.48 
.60 

.66 

.82 

.80 
1.10 

1.14 
1.40 

2.10 
2.7.5 

2.65 
3.50 

THE  COMPRESSION  DISC  PATENT  UNION 


Heavy  Pattern  Air  Furnace  Malleable  Iron  with  Brass  Valve  Seated  Disc. 
The  face  of  each  threaded  section  is  beveled  to  receive  a  brass  disc,  and  the  con- 
necting up  of  the  union  COMPRESSES  the  brass  DISC  against  the  recesses, 
making  a  permanent  steam  metal  seat. 


Size,  inches 

M 

% 

34 

Va. 

1 

Hi 

1^2 

2 

2>i 

3 

.30 

.45 

.40 
.60 

.50 

.75 

.60 
.90 

.80 
1.20 

1  .20 
1.80 

1.60 
2.40 

2.00 
3.00 

3.20 

4  80 

4.80 

(ialvanized,  each 

6.20 

THE  NEW  IMICO  PATENT  UNION 


New  Imico  Unions  are  made  of  non-corrosive  malleable  iron,  extra  heavy, 
with  bronze  metal  valve  seated  disc  and  non-corrosive  ring  connection. 


Size,  inches 

H 

% 

hz 

u 

1 

IM 

1>2 

2 

2y2 

3 

.30 
.45 

.40 
.60 

.50 
.75 

.60 
.90 

.80 
1.20 

1   20 
1.80 

1.60 
2.40 

2.00 
3.00 

3.20 
4.80 

4.80 

(Jalvanized,  each 

7.40 

Also  Mfgr's  of 
MALLEABLE  and  CAST  IRON  FITTINGS 

Write  for  Catalogue 
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Pipe   Coverings 

ARMSTRONG  CORK  COMPANY 

INSULATION  DEPARTMENT 

122  TWENTY-FOURTH  STREET,  PITTSBURGH,  PA. 

Branch  Offices  in  the  Largo  Cities 

NONPAREIL  HIGH  PRESSURE  COVERING  for  steam  lines,  boilers  and  all 
heated  surfaces;  NONPAREIL  CORK  COVERING  for  brine,  ammonia  and  ice 
water  lines;  NONPAREIL  CORK  BOARD  INSULATION  for  cold  storage  plants. 
CONTRACTORS  for  heat  and  cold  insulation. 


C^gg_j^_^^^^^_^^^^_J 


NONPAREIL  HIGH  PRESSURE  COVERING 

The  heat-insiilaling  efficiency  of  dialomaceous  earth  has  long  been  recognized, 
but,  until  recently,  no  satisfactory  process  was  available  by  which  it  could  be 
bonded  together  in  sectional  form  so  as  to  produce  a  strong,  efficient  covering 
for  high  jiressure  and  superheated  steam  lines.  After  years  of  research  this 
problem  was  solved  success- 
full}'  and  Nonpareil  High 
Pressure  Covering  is  the  re- 
sult. 

The  peculiar  porous  struc-       r"  "  I 

ture  of  diatomaceous  earth 
makes  Nonpareil  Covering  a 
better  nonconductor  of  heat 
than  any  of  the  coverings  now  in  general  use.  Moreover,  it  will  withstand  temper- 
atures at  wliich  other  coverings  calcine  and  disintegrate,  is  unaffected  by  moist- 
ure or  steam,  \i  easy  to  apply  and  reasonable  in  price.  Tests  demonstrating  the 
truth  of  these  assertions  are  fully  described  in  our  catalogue. 

Nonpareil  Covering  is  made  in  sectional,  block  and  cement  form.  While 
comijaratively  new,  it  has  alreaily  been  installed  in  several  hundred  plants 
throughout  the  country  and  \:,  giving  universal  satisfaction.  Write  for  catalogue 
and  samjile. 

NONPAREIL  CORK  COVERING 

Nonjiareil  Cork  Covering  for  brine,  ammonia  and  ice  water  lines  is  composed 

of  granulated  cork  slightly  compressed  and  molded  in  sectional  form  to  fit  the 

different  .sizes  of  pipe  and  various  fittings  in  ordinary  use.     It  is  coated  inside 

and  out  with  a  mineral  rubber  finish  and  is  applied  with  waterproof  cement  on 

the  joints,  renclering  them  im- 
pervious to  moist  ure.  Nonpareil 
Cork  Covering  possesses  great 
insidating  efficiency,  is  remark- 
ably duralile  in  service,  is  clean, 
neat  in  appearance  and  easy  to 
apply. 

It  is  manufactured  in  four 
thicknesses  to  meet  different 
service  conditions,  viz.:  1.  Sland- 
ard  Brine  Covering  for  tempera- 
tures ranging  from  0°  to  2.5°  F. 
2.  Special  Thicic  Brine  Covering 
for  temperatures  below  0°  F.  ?,  Ice  Water  Covering  for  temperatures  of  25°  to 
■4.5°  F.    4.  Cold  Water  Covering  for  temperatures  above  45°  F. 

Mitred  cork  lagging,  beveled  to  any  desired  radius,  is  furnished  for  cylindrical 
tanks,  filters,  large  sized  pipes,  etc.  Catalogue  and  samples  will  be  cheerfully 
forwarded,  on  request. 

NONPAREIL  CORKBOARD  INSULATION 

Nonpareil  Corkboard  is  the  world's  standard  cold  storage  insulation.  It  is 
composed  of  j)ur(>  gramilated  cork,  made  into  boards  12  x  'M",  of  various  thick- 
nesses. Our  bound  book,  "Noni)an>il  Corkl)oard  Insulation,"  fully  describing 
this  material  will  be  sent  to  anyone  on  re(]uest. 
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ROBERT  A.   KEASBEY   CO. 

100  N.  MOORE  ST.,  NEW  YORK  CITY 

PIPE    AND    BOILER  COVERINGS  — 85%  Magnesia;   Asbestos,  Air-Cell  or  Moulded;    Cork, 

Wool  Felt. 
INSULATING  MATERIALS  for  Heat  and  Cold,  Asbestos  Cements,  Paper  and  Millboard,  Hair 

Felt,  Mineral  Wool,  etc. 

SOLD  or  APPLIED 

PACKINGS   OF  ALL  KINDS  —Asbestos,  Flax,  Cotton,  Rubber,  Metallic. 

BRAKE  BAND  LININGS.     COLD  WATER  PAINT. 


MAGNESIA  SECTIONAL  COVERING 

(Containing  8.5  per  cent.  Carbonate  of 
Magnesium) 

KING  OF  COVERINGS 

Made  in  sections  three  feet  long, 
halved  to  fit  pipe  from  Y  to  10"  inclu- 
sive, canvas  jacketed.  Standard  thick 
(approximating  1"),  U"  thick,  2"  thick 
(double  standard  thick)  and  double 
\\"  thick  to  be  used  when  different  re- 
sults of  efficiency  are  desired. 

Also  in  Cement  form  (85%  Magnesia 
Plaster)  for  fittings,  irregular  shapes, 
filling  spaces,  etc. 

Also  in  Blocks  (85%  Magnesia  Blocks)  3"  x  18"  and  6"  x  36"  from  |"  to  4"  thicl 

Catalog  of  these  and  all  styles  furnished  upon  request. 


"RAKCO"  BRAND,  ASBESTOS,  FLAX,  COTTON, 
AND  RUBBER  PACKINGS 


These  packings  are  manufactured  with  great 
(are  from  the  highest  class  of  materials  to  suit 
all  kinds  of  service. 

Special  conditions  frequently  make  it  advis- 
;,ble  to  use  various  combinations  of  packings. 
In  this  event  we  recommend  our  Combination 
.'  ets  of  Packings,  as  we  have  special  sets  to  meet 
every  known  condition.  These  different  sets 
are  made  to  exactly  fill  the  stuffing  box,  and 
when  ordering  same  it  is  necessary  that  we  have 
iliametcr  of  the  rod  and  diameter  and  depth  of 
box  stuffing. 

Catalog  on  roqut\st. 


CONTRACTS  EXECUTED 

Contracts  for  covering  pipe;  propositions  involving  insulation  materials,  or 
other  work  in  our  line  will  be  handled  with  the  advantages  secured  by  a  large 
stock,  and  a  competent  force  of  men.     Correspondence  solicited. 


94 


Lubricants 


ALBANY   LUBRICATING   CO. 

ADAM    COOK'S   SONS,    Props. 

708-710  Washington  St.,  NEW  YORK,  N.  Y. 

ALBANY  GREASE  FOR  THE  LUBRICATION  OF  ALL  KINDS  OF 
MACHINERY,  ESPECIALLY  LUBRICATION  WITH  INFREQUENT  ATTEN- 
TION. COOK'S  LUBRICANT  FOR  EFFICIENT  AND  ECONOMICAL 
LUBRICATION  OF  GEARS  OF  ALL  KINDS. 


ALBANY   GREASE 

Albany  Grease  is  a  pure  lubricant  so  compounded  that  it  automatically  main- 
tains a  film  of  oil  between  rubbing  surfaces,  reducing  friction  losses  to  a  minimum. 
It  contains  no  adulterants  and  is  guaranteed  not  to  oxidize,  gum  or  corrode  the 
metal  of  the  bearings.  Made  in  different  consistencies  to  meet  different  tem- 
perature conditions. 

SOFT  NUMBERS  (Nos.  0  and  1)  for  cold  and  extremely  cold  conditions  such 
as  outdoor  use  in  winter. 

MEDIUM  NUMBERS  (Nos.  2  and  3)  for  moderate,  warm  and  summer 
weather  u.se. 

HARD  NUMBERS  (Nos.  X,  XX,  XXX)  for  use  in  hot  boiler  and  engine 
rooms,  etc. 

There  is  an  Albany  Grease  to  meet  all  needs.  Tell  us  your  requirements  and 
we  will  recommend  the  right  number. 

COOK'S  LUBRICANT 

Cook's  Lubricant  is  especially  adapted  for  lubricating  gears  of  every  kind.  It 
possesses  a  remarkable  tenacity.  No  matter  how  fast  or  slowly  the  gears  are  run- 
ning, a  film  of  lubricant  is  always  maintained  between  the  meshing  teeth. 

Cook's  Lubricant  will  not  run  or  leak  out  of  the  gear  case;  it  cannot  be  thrown 
off  the  gears  by  centrifugal  force;  it  will  not  drip  from  the  gears  and  settle  in  the 
bottom  of  the  gear  case;  it  cannot  be  cut  up  and  packed  aside  by  the  gear  teeth 
in  action,  and  is  not  affected  by  changes  in  temperature. 

Due  to  the  wide  publicity  given  Albany  Grease  and  Cook's  Lubricant,  un.scru- 
pulous  concerns  occasionally  substitute  in- 
ferior goods  for  our  products.  When  pur- 
chasing Albany  Grease  or  Cook's  Lubri- 
cant, insist  that  our  trade  mark  appear 
on  package. 

Write  for  literature  or  detailed    infor- 
mation covering  our  lubricants. 


95 


Lubricators 


McCORD  MANUFACTURING  CO. 

DETROIT,  MICH. 

NEW  YORK  CHICAGO 

MANUFACTURERS  OF  FORCE  FEED  LUBRICATORS 


The  McCord  Force  Feed 
Lubricator  delivers  either  much 
or  httle  oil,  always  in  the  right 
quantity,  where  and  when  want- 
ed with  the  regularity  of  clock- 
work. 


Class  B— Four  Feed 

"  McCORD  "  FORCE  FEED  LUBRICATORS 

The  McCord  Lubricator  is  adapted  to  a  wide  diversity  of  applications.  Prom- 
inent manufacturers  of  STEAM  AND  GAS  ENGINES,  PUMPS,  COM- 
PRESSORS, STEAM  SHOVELS,  DREDGES,  TRACTORS,  ETC.,  feature  it 
as  part  of  their  STANDARD  EQUIPMENT. 

It  is  characterized  by  seven  important  distinctive  features: 
Simple,  Positive  Sight  Feeds 
Separate  Pump  for  each  Feetl 
Separate  Adjustment  for  each  Pump 
No  Pressure  in  Sight  Feed 
Oil  Carried  to  Destination  l)y  Force 
Feeds  Automatically 
All  Interior  Mechanism  Runs  in  Oil 

McCord  Lubricators  are  made  in  sizes  and  feeds  to  meet  every  possible  need 
of  force  feed  lubrication. 

The  sight  feeds  enable  the  operator  to  see  exactly  how  nuich  oil  is  being  pumjied 
to  each  bearing — just  the  exact  quantity  per  stroke  of  the  plunger. 

The  separate  pumps,  with  their  individual  adjustment,  permit  of  the  greatest 
economy  of  oil  and  at  the  same  time  insure  a  marked  increase  in  engine  efficiency. 

Years  of  actual  service  and  the  testimony  of  high  grade  Engineers  have  dem- 
onstrated that  the  McCord  Force  Feed  Lubricator  soon  saves  its  cost  in  oil 
alone. 


Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Feed? — Number 

1 

2 

1 

2 

3 

1 

2 

3 

4 

Oil  Capacity — Gallons 

M 

'A 

y2 

Vz 

Vi 

1 

1 

1 

1 

Write  for  Catalogue  "IL." 
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Lubricators 

DETROIT  LUBRICATOR  COMPANY 

DETROIT,    MICH. 

MANUFACTURERS  OF  LUBRICATORS,  FORCE  FEED  OILERS,  OIL  AND 
GREASE  CUPS,  AIR  AND  GAUGE  COCKS,  PRIMING  CUPS,  BALANCED 
THROTTLE  VALVES,  WATER  GAUGES,  POP  SAFETY  VALVES,  FUSIBLE 
PLUGS  AND  RADIATOR  VALVES. 


DETROIT  SIGHT  FEED  LUBRICATORS 

Dptroit  Lubricators  are  made  in  a  sufficient  variety  of  styles  and  kinds  to 
l)roperl3^  lubricate  the  valves  and  cylinders  of  all  types  of  steam  engines,  steam 
])uinp'^,  fias  engines,  air  compressors,  etc.  The  complete  line  includes  146  styles 
and  sizes  of  lubricators — one  for  every  kind  of  service. 

IMPROVED  STANDARD  LUBRICATOR 
Doubls  Connection 

For  use  on  all  kinds  of  steam  engines,  steam  pumps, 
etc. 

Installed  with  both  connections  between  the  boiler 
and  the  throttle. 

Finished  in  polished  brass  or  nickel  plated. 


Size 

1/3 
Pt. 

1/2 
Pt. 

1 
Pt. 

.1 
Qt. 

1/2 
Gal. 

1 
Gal. 

Pipe  Thread  on 
Support  Arm 

1/2 

1/2 

1/2 

1/2 

3/4 

3/4 

Fou 


DETROIT  FORCE  FEED  OILERS 

Detroit  Force  Feed  Oilers  are  designed  for  the 
mechanical  lubrication  of  gas  and  gasoline  engines,  air 
compressors,  etc.  The  advantages  of  this  system  of 
lubrication  are:  cool,  clean  oil  forced  by  mechanical 
pressure  and  in  quantities  as  needed  to  the  proper 
point  to  be  lubricated,  the  elimination  of  the  possibility 
of  injury  fnjm  running  dry  or  carbon  deposits,  and 
very  little  attention  from  the  operator  as  there  is  only 
one  tank  to  fill. 

They  are  made  with  1  co  30  feeds  and  corresponding 
capacities  of  3  to  18  pints,  using  a  standard  tank,  43^8" 
wide  and  5"  high.  Special  models  for  gas  tractors, 
marine  and  stationary  engines,  automobiles,  commer- 
cial trucks  and  aeronautical  motors. 

DETROIT  LOCOMOTIVE  LUBRICATORS 

Detroit  Locomotive  Lubricators  are  thoroughly  suited  to 
fulfill  all  the  requirements  of  every  style  of  locomotive  from 
the  saturated  simjile  engine  to  the  most  modern  superheatetl 
Mallet.  The  No.  22  Type  of  Bullseye  Lubricators  is  recom- 
mended as  possessing  improvements  and  refinements  made  Three  Pints  Canacits- 
desirable  by  the  needs  of  modern  locomotive  practice,  result- 
ing in  a  low  cost  of  maintenance  and  economy  in  oil.  Made 
with  from  one  to  eight  feeds. 

DETROIT  RADIATOR  VALVES 

Detroit  Radiator  Valves  embody  in  their  design  the  re- 
sults of  years  of  experience  in  the  manufacture  of  all  kinds 
of  valves  for  all  styles  of  heating  installation.  The  Detroit 
Packless  Valve  fulfills  the  need  for  a  radiator  valve  that  will 
not  hnik  around  the  stem  nor  need  repacking.  Its  construc- 
tion makes  it  perfectly  adajited  also  for  use  in  vacuum  sy.s- 
tems  where  tightness  is  essential.  Packless 


Three  Feeds 
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Lubricators 


THE  RICHARDSON-PHENIX  CO. 

126  Reservoir  Ave.,  MILWAUKEE,  WIS. 
LUBRICATION  ENGINEERS  AND  MANUFACTURERS 


THE  RICHARDSON  SIGHT  FEED  LUBRICATOR 


operates  on  a  new 
principle  in  that 
it  supplies  oil  for 
cylinder  lubrica- 
tion in  small  par- 
ticles for  every 
stroke  of  the  en- 
gine piston.  Built 
in  sizes  of  from 
one  to  twenty- 
two  feeds  and  if 
desired  can  be 
furnished  sub- 
divided to  han- 
dle two  or  more 
kinds  of  oil. 
Fully  illustrated 
and  described  in 
catalog  No.A-53. 


PHENIX  LUBRICATOR  OIL  PUMPS 


These  lubricators  are  especially 
adapted  to  the  librication  of 
hifj;h-speed  engines,  all  power 
plant  auxiliaries,  steam  ham- 
mers, dredges,  hoisting  and  trac- 
tion engines,  etc.  Built  in  sizes 
from  one  to  twelve  feeds,  square 
type  and  one  to  two  feeds, 
round  type.  Can  be  furnished 
with  divided  tanks  if  desired. 
Salient  Features:  Delivers  oil 
again.'  t  any  pressure  up  to  seve- 
ral thousand  pound.; — at  any 
lever  stroke  from  |  to  7  inches 
regardless  of  changes  in  tempera- 
t  ure  or  viscosity  of  oil  or  length 
of  feed  line.  Fully  illustrated 
and  described  in  catalog  No. 
A-54. 
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Oiling  Systems 


THE  RICHARDSON-PHENIX  C(3, 

126  Reservoir  Ave.,  MILWAUKEE,  WIS. 
LUBRICATION  ENGINEERS   AND   MANUFACTURERS 


CENTRAL  OILING  SYSTEMS 

We  advise  and  quote  on  the  necessary  material  and  apparatus  or  design  and 
install  conipk'tc!  Automatic  Cylinder  and  Bearing  Lubrication  Systems,  in  which 
tJie  oil  is  regularly  and  positively  supplied  in  just  the  proper  quantities  and,  in 
the  case  of  bearing  lubrication,  is  filtered  and  used  over  and  over  again. 

Our  experience  in  this  work,  extending  over  a  period  of  many  years,  has  placed 
us  in  possession  of  valuable  data  on  this  subject  and  there  is  hardly  a  question 
pertaining  to  machinery  lubrication  that  we  have  not  met  and  solved. 

We  would  be  pleased  to  correspond  with  those  interested  in  reducing  lubri- 
cation expenses,  with  a  view  of  explaining  our  proposition  in  greater  detail. 


INDIVIDUAL  OILING  SYSTEMS 


TO  aiGHT  FLLD6 


Complete  Richardson  Individual  Oiling  System 

RICHARDSON  AND  PHENIX  INDIVIDUAL  OILING  SYSTEMS  do 
away  entirely  with  the  necessity  of  installing  overhead  storage  tanks,  filters 
buried  in  the  basement,  or  long  lines  of  piping;  starts  and  stops  with  the  engine 
or  machine  to  which  it  is  apphed  and  the  entire  system  is  always  in  sight  of  the 
engineer. 

Salient  features — low  fu-st  cost,  simplicity,  efficiency,  reliability. 

Can  be  applied  to  any  size  and  type  of  engine  or  power  plant  auxiliaries  from 
5  to  5,000  h.p.  Fully  illustrated  and  described  in  our  50  page  Book  A-5o,  "Scien- 
tific Lubrication  of  Machinery"  which  also  contains  the  latest  information  on 
the  application,  use  and  selection  of  oils  for  all  power  plant  purposes. 
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Gaskets 

GOETZE  GASKET  AND   PACKING  CO. 

22  ALLEN  AVE.  NEW  BRUNSWICK,  N.  J. 

METAL  GASKETS  OF  VARIOUS  TYPES.     METALLIC  ENGINE  PACKING. 
SHEET  PACKING  FOR  FLANGES.     VALVE  GASKETS  OR  DISCS. 


/^^^^ 


^^^ 


DEVO  GASKETS 

These  are  made  of  corrugated  steel  covered  with 
asbestos  which  in  turn  is  covered  with  graphite. 

They  are  intended  for  use  in  connection  with  high 
pressure,  superheated  and  saturated  steam  and 
other  unusually  severe  conditions  and  will  hold 
tight  against  extremes  of  pressure  and  temperature. 

Devo  Gaskets  appeal  to  every  practical  engineer 
because  they  are  indestructible  and  low  in  price. 

Every  Devo  Gassket  is  guaranteed  for  five  years 
and  will  be  replaced  within  that  time  if  found  un- 
satisfactory. 


GOETZE  NO.  2  ELASTIC  GASKET 

A  Copper- Asbestos  Gasket— the  copper  is  cor- 
rugated and  the  closely  twisted  asbestos  is  held  in 
the  corrugation  as  shown  in  the  cut  at  the  left. 

While  unlike  the  Goetze  Devo  Gasket  in  construc- 
tion, it  is  also  recommended  for  high  pressures,  high 
temperatures  and  the  most  exacting  service  generally. 

When  used  for  flanges,  it  makes  a  joint  practically 
as  leak  proof  as  the  pipe  itself,  even  with  the  roughest, 
most  uneven  surfaces. 

Guaranteed  for  five  years  and  sent  on  90  days'  trial. 
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GOETZE'S  VALVE  GASKETS  OR  DISCS 

These  are  intended  for  valves  of  the  Jenkins 
ype  and  are  made  of  copper  and  asl^e.  tos.  The 
llustralion  shows  a  plan  and  section  and  it  will 
be  noticed  that  the  hole  has  two  flat  sides  as  is 
common  in  most  makes  of  vah  e  discs.  They 
arc  made  in  the  following  sizes  :  \,  |,  |,  f,  1,  11, 
li,  2,  21,  3,  3^-,  4,  A\,  5,  6,  7,  8,  9,  10  and  12 
inches. 
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Bearnuj  Metals 

THE  AJAX  METAL  COMPANY 

PHILADELPHIA,  PA.  BIRMINGHAM,  ALA. 

AJAX  GENUINE  AND  BULL  BABBITT   AND   AJAX  BULL  RING  METAL. 


AJAX  BULL  BABBITT 

We  have  given  this  name  to  a  special  brand  of  Bal)])itt 
Metal  made  exclusively  by  our  Company;  it  is  always 
poured  into  ingots,  having  on  their  upper  faces  the  im- 
pression of  a  bull's  head. 

This  metal  was  designed  for  general  purposes  and  an- 
swers in  most  cases  where  genuine  babbitt  is  being  used. 
It  costs  only  about  one  quarter  as  much  as  genuine  and 
TRADE  MARK  wlll  mostly  do  better  work. 

It  can  bo  used  for  all  bearings  except  those  carrying  an  extremely  heavy  load, 
and  will  run  cool  at  any  speed. 

AJAX  GENUINE  BABBITT 
This  is  a  tin-base  babbitt  of  high  tin  content  which  can  be  thoroughly 
recommended  for  bearings  of  large  diameter  (over  3")  and  in  which  a  thin  shell 
of  babbitt  is  used.  It  w^orks  perfectly  for  bearings  which  sustain  heavy  loads,  has 
a  high  compressive  strength,  and  is  very  much  tougher  than  the  lead-base  bab- 
bitts.   It  positively  will  not  crack,  and  for  severe  duty  it  is  unsurpassed. 

TESTS 

Samples  of  Genuine  and  Bull  Babbitt  submitted  to  friction,  compression  and 
analytical  tests,  gave  the  following  results. 
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Bull... 

12100 

Speed:  310  rev.  per  min.  Total  number  •/  rev.:  1,000,000.  Prestmre  per  sq.  in.:  600.  Total: 
2100.  Area  surface  of  contact:  3  1/2  sq.  in.  Journal:  3  3/4"  diam..  3  1/2"  long.  Lubrication:  One 
drop  of  oil  per  min.     Remarks:  Metal  cast  direct  into  pieces  used  for  tests. 

AJAX  BULL  RING  METAL 

This  has  been  brought  out  to  meet  the  demands  for  an  antifriction  metal  that 
will  reduce  the  friction  and  consequent  wear  and  scoring  of  engine  cylinders. 
It  is  now  generally  conceded  that  excessive  wear  results  from  cast  iron  bull  rings 
working  in  engine  cylinders  «f  like  metal.  Our  Bull  Ring  metal  besides  having 
excellent  antifriction  qualities*has  a  melting  point  sufficient  1}^  high  to  meet  the 
thermal  conditions  of  the  cylinder  and  a  coefficient  of  expansion  about  equal  to 
cast  iron. 

Our  metals  are  all  made  in  a  modern  plant,  under  chemical  sujx'rvision,  and 
by  skilled  workmen;  and  we  guarantee  them  to  run  absolutelj-  uniform. 
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Bearing  Metals 


LUMEN  BEARING  COMPANY 

BUFFALO  TORONTO 

BRASS  FOUNDERS 


We  will  be  pleased  to  offer  specific  information  to  engineers,  concerning  the 
alloys  here  enumerated.  These  alloys  are  in  constant  demand,  having  been  de- 
signed particularly  for  engineering  purposes. 

Alloy  Xo.  00,  A,  B,  and  C    For  extremely  heavy  pressures.     (1/.32"  deflection  at 
100,000  lb.  under  test.) 

Alloy  Xo.  0  For  acid  resisting  construction. 

Alloy   Xo.   1  For  same  service  as  "G"  bronze  Navy  Department, 

Bureau  of  Steam  Engineering. 

Alloy  X'^o.  8  For  steam  engine  slide  valves. 

Alloy  Xo.  4  For  bearings  at  high  speeds  and  under  heavy  pres- 

sures.     The   standard   phosphor  bronze  for  bearing 
purposes. 

Alloy  No.  8  For  electrical  purposes.     Pure  copper;  conductivity 

about  85. 

Alloy  Xo.  9  Manganese  bronze.    Tensile  strength  70,000  to  75,000. 

Elongation  (2")  20%  to  25%- 

Alloy  Xo.   14  For  lathe  head  stocks.     A  bronze  having  the  lowest 

co-efficient  of  expansion  of  the  copper-tin  alloys. 

Alloy  X"o.   15  For  gears  under  s-evere  service. 

Lumen  For   machine   tool   l)c;u-ings.      Compre.ssive   strength 

85,000  pounds. 
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Aluminum 

ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,    PENNA. 

Branch  Offices: 

New  York,  99  John  Street  Rochester,  N.  Y.,  406  Powers  BIcIr. 
Boston,  Mass.,  131  State  Street  Philadelphia,  Pa.,  1315  Pennsylvania  Bldg. 
Pittsburgh,  Pa.,  2344  Oliver  Bide  Washington,   D.  C,  512-513   National   Metro- 
Cleveland,  Ohio,  950  Leader-News  Bldg.  politan  Bank  Bldg. 

Detroit,  Mich.,  1515  Ford  Bldg.  Toronto,  Ont.,  Northern  Aluminum  Co.,  Ltd., 

Chicago,  111.,  1500  Westminster  Bldg.  1503  Traders  Bank  Bldg. 

Picr.son,  Roeding  &  Company,  IIS  New  Montgomery  St.,  San  Francisco,  Cal. 

ALUMINUM 

INGOT,  CASTING  ALLOYS,  SHEET,  ROD,  WIRE,  TUBING,  MOULDINGS, 
FITTINGS,  ELECTRICAL  CONDUCTORS,  BRONZE  POWDER  AND 
LITHOGRAPH   PLATES. 


FABRICATED  ALUMINUM 


Kettle.^,  tanks,  coolers,  evaporators,  pipe  Lines  and  miscellaneous  apparatus 
for  chemical,  soap,  candle  and  stearic  acid  manufactures,  also  for  preserving  and 
brewery  processes. 

ELECTRICAL  CONDUCTORS 

The  use  of  Aluminum  for  electrical  purposes  has  continually  increased  during 
the  past  five  or  six  years.  It  possesses  properties  which  make  its  use  desirable  in 
electrical  construction  and  is  now  being  succcosfully  used  for  High  Tension 
Transmission  Wire,  Railway  Feeders,.  Bus-Bars,  etc. 

PUBLICATIONS 

The  following  publications  issued  by  us  contain  much  valuable  information  for 
the  aluminum  user  and  will  be  gladly  sent  to  tho^e  interested: 

PROPERTIES  OF  ALUMINUM 

ALLOYS  OF  ALUMINUM 

METHODS  OF  WORKING  ALUMINUM 

FABRICATED  ALUMINUM 

ALUMINUM  FOR  ELECTRICAL  CONDUCTORS 

INSTRUCTIONS  FOR  INSTALLATION  AND  MAINTENANCE  OF 
ELECTRICAL  CONDUCTORS 
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Boil 


ers 


THE   H.    B.    SMITH   CO. 

WESTFIELD,  MASS. 

NEW  YORK  BOSTON  PHILADELPHIA 

BOILERS  AND  RADIATORS  FOR  STEAM  AND  WATER  WARMING 


MILLS  WATER  TUBE  BOILERS 


No.  24  Boiler 
of  Fire  Pot  24  inches. 

f  Steam  900  ft. 
.      j       to  2025  ft. 
capacity  \    Water  1500  to 
(         3350  ft. 

No.  34  Boiler 

of  Fire  Pot  34  inches. 

r  Steam  2000  ft. 

camcitv^      to  5200  ft. 
capacity  <  ^^^^j.  gg^^^  j^ 

(_     to  8575  ft. 

No.  44  Boiler 
of  Fire  Pot  44  inches. 

r Steam  3600  ft. 
to  9000  ft. 
Water  5950  ft. 
to  14,850  ft. 


Widih 
Rated 

Width 
Rated 

Width 

Rated  capacity 


No.  44  Steam  Boiler 


Width 
Rated 


ft. 


No.  48  Boiler 
of  Fire  Pot  48  inches 

r  St  earn  4800  f 

.,     )     to  12,000  ft. 

capacity-,  ^.^^^j.' 7925  ft 

(    to  19,800  ft. 


Vertical  Water  Tubes. 


Vertical  Fire  Travel. 


Tested  to  125  lbs.  at  Works. 


Rapid   Circulation. 


Dry  Steam. 


Economy  of  Fuel. 


No.  44  Boiler— Interior 
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Radial  or  s 


THE   H.    B.    SMITH   CO, 

PRINCESS  DIRECT  RADIATORS 


Single 

Two 

Three 

Five 

Five  Column 

Column 

Column 

Column 

Column 

Window  Height 

Malleable  Iron  Push  Nipple  connoction  between  Sections. 

Test  at  Factory  /'^^^  tests  100  lbs.  water. 
^  I  One  test  80  lbs.  steam. 

One  and  two  column  Radiators,  Sections  3"  on  centers. 

Three  and  five  column  Radiators,  Sections  31"  on  centers. 


I    •    »    I    I    h 


PRINCESS 

WALL 

RADIATORS 


|.H,(.K.H-f.|.).H(.|.n.|^t,l.|.f  1,1.1 


Flange  Surface 


Indirect  Radiators 

FLANGE   AND   PIN   EXTENDED 
SURFACE 

for 
STEAM   AND  WATER   WARMING. 
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Steel  Plate   Construction 


THE  PETROLEUM  IRON  WORKS  CO. 


NEW    YORK 


SHARON,  PA. 

ST.  LOUIS 


HOUSTON.    TEXAS 


FABRICATORS  AND  ERECTORS  OF  EVERY  VARIETY  OF  LIGHT  AND  HEAVY 
STEEL  PLATE  CONSTRUCTION. 

TANKAGE  FOR  ALL  PURPOSES  LARGE  OR  SMALL;  OIL  REFINERY  EQUIP- 
MENT, STAND  PIPES,  WATER  TOWERS,  SMOKE  STACKS,  PENSTOCK3, 
RIVETED  STEEL  PIPE,  BLAST  FURNACES.  HOT  METAL  LADLES,  BOILERS, 
ANNEALING  BOXES,  "LEMAN"  COUNTER  CURRENT  CONDENSERS,  "GEM" 
FUEL  OIL  BURNERS,  "WASHINGTON"  AUTOMATIC  OIL  AND  GAS  SEPARA- 
TORS, PORTABLE  RECEIVING  TANKS,  CAR  TANKS    ETC. 


The  Petroleum  Iron  Works  Company  is  located  on  a  property  of  forty  acres, 
situated  about  three  miles  south  of  Sharon,  Pa. 

Our_  railroad  facilities  here  are  excellent,  as  the  works  have  direct  connec- 
tions with  the  New  York  Central,  the  Erie  and  the  Pennsylvania  Railway  Sys- 
tems. Our  trackage  for  receiving  and  shipping  inbound  and  outbound  freight 
is  more  than  a  mile  in  length,  thus  affording  ample  space  for  car  storage  and  ideal 
facilities  for  making  shipments.  Car  shortages  and  delays  occurring  where  there 
is  but  one  railroad  connection  are  practically  unknown  in  this  district.  We, 
therefore,  feel  sure  the  trade  will  fully  appreciate  this  condition,  as  it  enables  us 
to  guarantee  our  promises  of  delivery  to  points  in  every  direction. 

Our  present  plant  consists  of  a  substantial  steel  structure,  fully  equipped  with 
modern  machinery,  tools  and  appliances,  which  insure  accurate  and  rapid  pro- 
duction. We  are  now  in  position  to  give  our  customers  better  satisfaction  and 
more  prompt  service  than  ever  before.  Superior  manufacturing  facilities  and 
careful  shop  inspection  will  continue  to  maintain  our  long  established  reputation 
for  high  class  work. 

It  is  difficult  to  prepare  a  catalogue  that  will  adequately  describe  and  illus- 
trate all  the  classes  of  sheet  metal  structures  and  apparatus  that  we  are  in  posi- 
tion to  furnish  and  erect.  The  illustrations  presented  are  shown  merely  as  types 
of  our  various  lines  of  work,  among  which  we  might  enumerate  the  following: 


Oil  Storage  Tanks 

(large  and  small) 
Acid  Storage  Tanks 
Water  Tanks 
Water  Softener  Tanks 
Molasses  Tanks 
Turpentine  Storage 

Tanks 
Grain  Tanks 
Tar  Tanks 
Hydro-Pneumatic 

Tanks 
Pressure  Tanks 
Filter  Tanks 
Car  Tanks 
Portable  Receiving 

Tanks 


Railroad  Water  Service 
Tanks 

Oil  Refineries  (com- 
plete) 

"Leman"    Counter 
Current  Condensers 

"Washington"  Auto- 
matic Oil  and  Gas 
Separators 

"Gem"  Fuel  Oil  Burn- 
ers 

Riveted  Steel  Pipe 

Flumes 

Penstocks 

Blast  Furnaces  (com- 
plete) 


Converters 

Hot  Metal  Ladles 

O.  H.  Furnaces 

Pulp  Digesters 

Galvanizing  Kettles 

Creosoting  Cylinders 

Condenser  Boxes 

Coal  Bins 

Steam  Separators 

Air  Receivers 

Water  Towers 

Stand  Pipes 

Smoke  Stacks  (Self- 
Supporting  and 
Guyed) 

Breechings,  etc.,  etc. 


Frequently  special  problems  arise,  and  in  such  cases  we  are  glad  to  offer  the 
services  of  our  Engineering  Department.  In  order  to  assure  prompt  replies  to 
inquiries  we  respectfully  request  complete  detail  information,  including  speci- 
fications and  blue  prints  when  possible.  We  hope  by  prompt  and  careful  atten- 
tion to  our  customers'  inquiries  to  be  favored  with  at  least  a  portion  of  your 
valued  orders. 

We  issue  no  discount  sheet  owing  to  the  constant  fluctuations  in  prices,  and 
for  the  reason  that  practically  all  of  our  products  are  built  to  order. 
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Steel  Plate   Construction 


THE  PETROLEUM  IRON  WORKS  CO. 


OIL  REFINERIES— COMPLETE 


10'  X  30'  Single,  Double,  and  Triple  Compartment  Cylindrical  Horizontal  Oil  Storage 
Tanks   ready  for  shipment. 


150  000  Gallon  Water  Tower, 

Yonkers,  N.  Y 

(Height  over  all  184') 


R.  R.  Water  Service  Tank. 

Erected   East  Waco,   Texas,  for    the 

■•Cotton  Belt." 


107 


Sh'i'l   Constnirtion 


RITER-CONLEY  MANUFACTURING  CO. 

PITTSBURGH,  PA. 

STEEL    CONSTRUCTION 


This   rompany   has  splendid  facilities  for  desip;nins,  fabricating  and  erecting 
such  structures,  etc.,  as  are  listed  and  illustrated  below. 


Barges 

Blast  Furnaces 

Bridges 

Buoys 

Caissons 

Converters 

Car  Tanks 

Gas  Holders 

Gas  Plants 

Galvanizing  Pot? 

Ladles 

Mixers 


'i'ka. 

a 

.:;.:— -a 

1 

Penstocks 
Pipe  Lines 
Pressed  Steel  of  every 

Description 
Stacks 
Stand  Pipes 
Steel  Ships 
Steel  Plants 
Structural  Steel  Work 
Sugar  Crystallizers 
Tanks 
Towers  for  Transmission 

Lines 
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Steel  Plate   Construction 


STRUTHERS-WELLS  COMPANY 

Established  ISol 

WARREN,  PENNSYLVANIA 

N.  Y.  Office,  50  Church  St. 

ANYTHING  IN  STEEL  PLATE  CONSTRUCTION  FOR  BEET  SUGAR 
REFINERIES,  PAPER  MILLS,  OIL  REFINERIES,  SOAP  FACTORIES, 
WOOD  ALCOHOL  AND  TURPENTINE  PLANTS,  TANKS  (FOR  STORAGE 
OR  PRESSURE)  WITH  EITHER  WELDED  OR  RIVETED  SEAMS.  PEN- 
STOCKS, RIVETED  PIPE  FOR  HYDRAULIC  AND  STEAM  PRESSURE, 
EXHAUST  PIPES,  STEAM  HEADERS,  EXHAUST  HEATERS,  BRICK 
HARDENING  CYLINDERS,  GALVANIZING  POTS,  RETORTS,  STILLS, 
AGITATORS,  STEAM  PANS,  AND  JACKETED  KETTLES. 


View  of  one  corner  of  Erecting  Floor 

We  will  contract  to  furnish  specially  designed  work  in  steel  plate  from  cus- 
tomers' plans  and  specifications,  either  completely  built  up  in  the  shop  or 
assembled,  knocked  down  and  shipped  in  sections  as  may  be  called  for. 

Our  equipment  and  experience  enable  us  to  handle  both  intricate  and  simple 
work  with  equal  ease  and  dispatch.  Our  workmanship  will  pass  the  most  rigid 
inspection. 

We  maintain  a  fully  equipped  estimating  department  at  our  shops  and  also  at 
our  New  York  Office.     This  enables  us  to  furnish  prices  promptly. 

If  you  want  a  specially  designed  piece  of  work,  send  us  your  drawings  and 
specifications, — we  have  probably  built  it  before,  or  at  least  something  very 
similar  to  it. 

Smoke  breechings,  stacks  and  air  flues  for  modern  buildings  are  right  in  our 
line. 
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ALPHABETICAL   INDEX   TO   CONDENSED 
CATALOGUES   OF   MECHANICAL   EQUIPMENT 

PAGE 

Ajax  Metal  Co 101 

Albany  Lubricating  Co 95 

Aluminum  Company  of  America 103 

American  Blower  Co 60,  61 

Armstrong  Cork  Co 93 

Bayer  Steam  Soot  Blower  Co 60,  67 

Bigelow  Co 50 

Bridgeport  Brass  Co 77 

Builders  Iron  Foimdry 72 

Burhorn  Co.,  Edwin 76 

Busch-Sulzer  Bros.-Diesel  Engine  Co 48 

Crane  Co 84,  85,  86,  87 

D'Este  Co.,  Julian 82 

Detroit  Lubricating  Co 97 

Detroit  Stoker  Co 54 

Diamond  Power  Specialty  Co 68,  69 

Goetze  Gasket  and  Packing  Co 100 

Green  Fuel  Economizer  Co 62,  63 

Hawley  Down  Draft  Furnace  Co 58 

Heine  Safety  Boiler  Co 52,  53 

Hooven-Owens-Rentschler  Co 44,  45 

Illinois  Malleable  Iron  Co 92 

Illinois  Stoker  Co 55 

Jefferson  Union  Co 90,  91 

Keasbey  Co.,  Robert  A 94 

Kennicott  Co 70 

Laclede-Christy  Clay  Products  Co 66 

Loomis-Manning  Filter  Distributing  Co 71 

Lumen  Bearing  Co 102 

McCord  Manufacturing  Co.. 96 

Mcintosh  and  Seymour  Co 43 

McNab  and  Harlin  Manufacturing  Co 83 

Model  Stoker  Co 57 

Morehead  Manufacturing  Co 78,  79 

National  Tube  Co 88,  89 

O'Brien  Boiler  Works  Co.,  John 51 

Otto  Gas  Engine  Co 49 

Penberthy  Injector  Co 80,  81 

Petroleum  Iron  Works  Co 106,  107 

Power  Specialty  Co 59 

Richardson-Phenix  Co 98,  99 

Riter-Conley  Co 108 

Skinner  Engine  Co 46 

Smith  Co.,  H.  B 104,  105 

Struthers-Wells  Co 109 

Sturtevant  Co.,  B.  F 64,  65 

Wetherill  &  Co.,  Inc.,  Robt • 47 

Wheeler  Condenser  &  Engineering  Co 74,  75 

Willcox  Engineering  Co.,  Inc 73 
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Page 

Alberger  Pump  &  Condenser  Co.  12,  32 

Alliance  Machine  Co 20,  37 

Almy  Water  Tube  Boiler  Co 29 

Aluminum  Co.  of  America 41 

American  Balance  Valve  Co 32 

American  Engine  Co 23,  29 

American  Pulley  Co 40 

American  Steam   Gauge  &   Valve 

Mfg.  Co 32 

Arnold  Co.,  The 24 

Ashton  Valve  Co 33 

Auburn  Ball  Bearing  Co 42 


Greene,  Tweed  &  Co. 


Page 
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Harrisburg    Foundry    &    Machine 

Worka 30 

Hartford  Special  Mchy.  Co.,  The. .   25 

Heald  Machine  Co 25 

Hill  Clutch  Co 41 

Holyoke  Machine  Co 29 

Homestead  Valve  Mfg.  Co 34 

Hooven,  Owens,  Rentschler  Co. .  .13,  30 
Hughson  Steam  Specialty  Co 34 


Babcock  &  Wilcox  Co 21,  30 

Baldwin.  Bert.  L.  &  Co 24 

Ball  Engine  Co 30 

Best,  W.  N 33 

Bristol  Co 1,33 

Brown,  A.  &  F.  Co.,  The 19,  40 

Brown  Hoisting  Mchy.  Co 37 

Brown  Instrument  Co.,  The 23,  33 


Caldwell  &  Son  Co.,  H.  W 37 

Carborundum  Co 25 

Chapman  Valve  Mfg.  Co 33 

Chicago  Pneumatic  Tool  Co 5,  39 

Clyde  Iron  Works 20,  37 

Crescent  Mfg.  Co 33 

Davidson  Co.,  M.  T 28 

Dean,  F.  W.,  Inc 24 

De  La  Vergne  Machine  Co 15,  31 

Diamond  Power  Spec.  Co 10,  33 

Dodge  Manufacturing  Co 40 


Eastern  Machinery  Co 37 

Electrical  Testing  Laboratories 24 

Engineering  Schools  &  Colleges 24 

Erie  City  Iron  Works 30 


Fafnir  Bearing  Co.,  The 42 

FaUs  Clutch  &  Mchy.  Co 20,  41 

Fellows  Gear  Shaper  Co 25 

Ford,  Bacon  &  Davis 24 


Garvin  Machine  Co 17,  25 

General  Electric  Co 9,  11,  39 

Goodrich  Co.,  B.  F 19,  37 

Goulds  Mfg.  Co 15,  29 

Green  Engineering  Co 21,  34 
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James  Mfg.  Co.,  D.  0 23,  41 

Jeffrey  Mfg.  Co 19,  38 

Jenkins  Bros 34 
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ANNUAL   MEETING:   DECEMBER   2-5 


NEW  MEMBERS  AT  THE    ANNUAL 

MEETING 

To  secure  admission  to  the  Society  in  time  to  par- 
ticii)ate  at  the  Annual  Meeting  as  a  member,  apphcations 
should  be  filed  not  later  than  August  25. 

A  reprint  of  the  List  of  Members,  arranged  geographic- 
ally, has  just  been  issued.  An  Appendix  is  included 
which  contains  all  additions  to  the  membership  up  to 
July  8,  1913.  Approximately  five  hundred  new  members 
are  included  in  this  Appendix. 

Those  who  have  been  unable  to  complete  their  ap- 
plications for  membership  through  inability  to  name  the 
required  number  of  references  may  find  the  names  of 
additional  acquaintances  among  these  new  members. 

A  brochure  containing  a  description  of  the  new  features 
of  membership  has  also  been  issued  and  may  be  had  upon 
request. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

I.  E.  MouLTROP,  Chairman 
H.  V.  O.  Goes  R.  M.  Dixon  E.  B.  Katte 

F.  H.  CoLViN  W.  R.  Dunn  R.  B.  Sheridan 

J.  V.  V.  Colwell  J.  P.  Ilsley  H.  Struckmann 

Chairmen  of  Sub-Committees 
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Buffalo,  W.  H.  Carrier  Philadelphia,  T.  C.  McBride 

Chicago,  Fay  Woodmansee  St.  Louis,  John  Hunter 

Cincinnati,  J.  T.  Faig  St.  Paul,  Max  Toltz 

Cleveland,  R.  B.  Sheridan  San  Francisco,  Thos.  Morrin 

Michigan,  H.  W.  Alden  Seattle,  R.  M.  Dyer 


AUGUST    I»i:{  VOL.  35        No.  8 

THE  JOURNAL 

OF 

THE    AMERICAN    SOCIETY    OF 
MECHANICAL     ENGINEERS 

PUBLICATION  OFFICE,  29  WEST  39th  STREET      .     .     .      NEW  YORK 

CONTENTS 

Society  Affairs 

Issues  of  Transactions  wanted   (3).     German  Meeting  (3).     Kelvin 
Memorial    Window    (10).      Applications   for    Membership    (12). 
Library  Gifts  (13). 
Paper 

Efficiency  of  Rope  Driving  as  a  Means  of  Power,  E.  H.  Ahara 1211 

Discussion 

The  Myi-iawatt  as  a  Unit  of  Power,  George  H.  Barrus,  Carl  Schwartz, 
Henry  Hess,   R.  H.  Rice,  O.   P.  Hood,   C.   E.   Lucke,   Haylett 

O'Neill 1235 

The  Present  Condition  of  the  Patent  Law,  E.  J.  Prindle.   J.  N.  McGill  1244 
Cost  of  Upkeep  of  Horse-Drawn  Vehicles  against  Electric  Vehicles, 
W.  R.  Metz.    H.  H.  Smith,  A.  M.  Pearson,  L.  H.  Flanders,  W. 
P.  Kennedy,  John  Younger,  E.  R.  Gurney,  Harrington  Emerson, 

C.  W.  Baker,  Closure 1247 

■      Test  of  a  HydrauHc  Buffer,  Carl  Schwartz.    F.  H.  Clark,  A.  E.  John- 
son, H.  A.  Jensenius,  Philander  Betts,  Closure 1258 

Shading  in  Mechanical  Drawing,  Theodore  W.  Johnson.    S.  A.  Moss, 
W.  P.  Hawley,  H.  D.  Hess,  L.  S.  Burbank,  L.  E.  Osborne,  L.  D. 

Burhngame,  F.  W.  Ives,  J.  S.  Reid,  J.  G.  Matthews,  Closure 1261 

Symposium  on  Fire  Protection.     W.  H.  Kenerson,  Henry  Hess,  G.  I. 
Rockwood,   Harrington  Emerson,   F.  B.   Gilbreth.   J.  B.  Scott. 

H.  F.  J.  Porter 12G9 

Practical  OpfTation  of  Gas  Engines  using  Blast-Furnacc  Gas  as  Fuel, 

C.  C.  Sampson.     F.  H.  Wagner 1276 

Foreign  Review '  1279 

Necrology 1303 

Accessions  to  the  Library 1306 

Employment  Bulletin 1309 

Officers  and  Committees 1313 

The  Journal  is  published  monthly  by  The  American  Society  of  Mechanical  Engineers. 

Price,  2.5  cents  a  copy,  or  S2  a  year,  to  members  and  affiliates  of  the  Society;  35  cents  a  copy  or 
$3  a  year  to  all  others.     Postage  to  Canada,  50  cents  additional;  to  foreign  countries,  SI  additional. 

Entered  as  second-class  matter,  January  4,  1912,  at  the  Postoffice,  New  York,  N.  Y.,  under  the 
act  of  March  3,  1879. 


The  Society   as  a  body  is  not  responsible  for  the  statements  of  facts  or 
opinions  advanced  in  papers  or  discussions.      C  55. 


THE    JOURNAL 

OF 

THE  AMERICAN  SOCIETY  OF 
MECHANICAL    ENGINEERS 

VOL.35  AUGUST    1913  NUMBERS 


The  Society's  stock  of  Volume  6  of  Transactions  is  entirely 
exhausted  and  to  supply  urgent  demands  copies  will  be  pur- 
chased at  five  dollars  per  volume  if  delivered  at  the  Society 
rooms  prepaid  and  in  good  condition. 

THE  TRIP  THROUGH  GERMANY 

The  tour  through  Germany  of  the  official  party  of  the  Society 
was  fittingly  ended  on  July  9  at  Munich,  the  home  of  Dr.  Oskar 
von  Miller,  president  of  the  Verein.  and  the  location  of  the  great 
German  Museum  of  science  and  industr3%  the  upbuilding  of 
which  has  become  Dr.  von  Miller's  life  work. 

The  last  event  at  Munich  was  a  banquet  given  by  the  city  in 
the  old  town  hall,  which  was  built  before  Columbus  discovered 
America  and  Avhich  is  one  of  the  most  beautiful  of  the  old  con- 
tinental town  halls. 

In  its  associations  and  surroundings  this  event  was  typical  of 
other  receptions  and  dinners  given  by  the  various  cities  or  by 
the  local  sections  of  the  Verein  deutscher  Ingenieure.  The  first 
was  at  Hamburg  held  in  the  Rathaus,  or  Council  House.  While 
this  is  a  modern  building,  completed  in  1842,  it  is  noteworthv 
because  of  its  elaborateness  and  beauty  and  is  comparable  with 
our  largest  state  capitols,  although  undoubtedly  much  finer  than 
any  of  them  in  an  artistic  sense.  A  similar  setting  was  offered 
in  the  Giirzenich  at  Cologne,  built  in  its  original  form  in  1447 
for  festivals  of  the  town  and  the  scene  of  brilliant  receptions  by 
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P^rederick  III,  Miiximilian  I  and  other  emperors  of  the  fifteenth 
and  sixteenth  centuries,  and  in  the  Ronier  in  Frankfort  where 
the  hjcal  section  of  the  Verein  tendered  a  luncheon  and  reception, 
this  being  the  ancient  Eathaus  in  which  were  crowned  the  em- 
perors of  the  Hol}^  Iloinan  Empire  from  Charlemagne  in  768  to 
Joseph  II  in  1792. 

The  trip  included  visits  to  eleven  cities,  at  each  of  which  was 
accorded  a  reception  far  bej^jud  the  anticipations  of  the  visitors. 
In  the  speeches  at  the  baiKjuets  a  splendid  spirit  of  cooperation 
was  voiced  and  a  firm  conviction  of  the  power  of  the  two  great 
nations  represented  to  continue  in  amicable  industrial  relations 
and  to  bring  about  universal  peace  in  the  larger  affairs  of  state. 

While  these  functions,  witli  their  historically  interesting  set- 
tings, were  most  impressive  and  of  the  utmost  importance,  the 
greatest  pleasure  of  the  trip  came  from  the  gracious  hospitality 
of  the  German  peoj^le  and  the  three  weeks  of  intimate  association 
with  them.  It  was  very  evidently  a  real  pleasure  to  render  the 
services  they  did  to  their  American  friends  and  to  count  them 
as  friends  rather  than  as  mere  ac(}uaintances.  Their  hospitality 
was  always  genuine  and  at  times  overwhelming  and  it  would  be 
difficult  to  conceive  of  greater  originality  than  was  displayed  in 
the  delightful  means  devised  for  the  entertainment  of  their 
guests.  Repeatedly  some  feature  was  introduced  which  capti- 
vated the  Amei'ican  part}^  Sometimes  this  was  in  the  form  of 
a  musical  treat  such  as  a  concert  by  the  Leipzig  symphony  or- 
chestra, singing  by  the  famous  boy  choir  of  St.  Thomas  church 
in  Leipzig,  founded  by  Bach,  and  the  first  in  Europe;  singing 
by  the  men's  choral  society  of  Cologne,  which  has  won  the  prize 
from  all  Germany  for  the  past  tw^)  years;  the  playing  of  the 
bugle  corps,  fifty  strong,  at  Diisseldorf,  where  the  l)uglers,  with 
instruments  hung  with  flags.  ])layed  in  a  stirring  manner,  raising 
or  lowering  their  bugles  in  unison  at  the  beginning  or  end  of 
each  movement;  or  the  dances  by  the  troup  of  Bavarian  peasants 
brought  down  from  the  momitains  by  the  Munich  section  for. 
their  opening  event. 

Very  often,  however,  the  entertainment  took  the  form  of  an 
original  production  a]>]ilying  directly  to  the  occasion.  This  may 
have  been  an  original  song,  or  a  monologue  such  as  that  given 
in  a  very  ]ik^asing  manner  by  a  talented  yoimg  woman  at  Cologne 
just  previous  to  the  tri])  on  the  Rhine,  who  ])ersonified  the 
Lorelei.    The  culminating  feature  of  tliis  kind  was  an  allesorical 
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play  at  Diisseldorf  entitled  Der  IJing  der  Arbeit.  The  piece  was 
elaborately  staged  with  a  representation  of  the  interior  of  a  steel 
works.  On  one  side  was  the  furnace  and  on  the  other  a  huge 
steam  hammer,  while  in  the  background  were  small  forges,  anvils 
and  other  apparatus.  In  the  foreground  was  the  representation 
of  a  full-sized  ingot  which  shortly  began  to  glow  with  heat  as 
fire  nymphs  from  the  furnace  danced  around  it.  Workmen 
pushed  the  ingot  under  the  hammer  where  it  was  forged  to  the 
accompaniment  of  an  anvil  chorus,  and  when  withdrawn  and 
displayed  to  the  audience  it  had  the  form  of  a  forged  ring,  en- 
closing and  holding  together  the  seals  of  the  two  societies  and 
the  letters  V.D.I,  and  A.S.M.E.,  with  the  goddess  of  liberty  ap- 
pearing close  b3\  Souvenirs  were  later  presented  in  the  form  of 
paper-weights  showing  in  relief  the  figure  of  the  goddess  of  lib- 
erty and  the  united  seals. 

Throughout  it  was  evident  that  the  members  of  the  Verein  and 
their  families  had  given  personal  attention  to  many  details  which 
contributed  to  everybodj^'s  enjoyment.  The  special  train  w^as 
met  at  the  station  by  the  local  engineers  and  several  times  their 
wives  and  daughters  personally  distributed  roses  to  the  visiting 
ladies  as  they  walked  up  the  station  platform.  A  similar  courtesy 
was  shown  at  several  of  the  banquets,  and  fi"om  start  to  finish, 
wherever  a  touch  of  friendliness  could  be  displayed  or  personal 
service  rendered,  it  was  sure  to  be  added.  This  spirit  was  in 
evidence  first  at  Plymouth  where  several  German  engineers  rose 
at  three  o'clock  in  the  morning  in  order  to  board  the  boat  to 
accompany  the  American  party  to  Hamburg,  and  continued 
throughout  the  trip  up  to  the  last  day  at  Munich,  where  the 
directors  of  the  German  Museum  presented  the  Society  with  a 
telescope  made  over  100  years  ago  by  the  famous  Fraunhofer, 
the  discoverer  of  the  black  lines  of  the  spectrum. 

The  trip  through  Germany  was  primarily  to  observe  the  engi- 
neering and  industi-ial  work  of  the  nation,  and  every  opportunity 
was  afforded  for  the  inspection  of  the  leading  plants  of  each  city. 
In  every  case  the  reception  was  cordial  in  the  extreme  and  often 
accompanied  by  elaborate  entertainment.  Perhaps  the  most  im- 
portant visits  of  this  kind  were  the  inspection  of  the  inland 
harbor  of  Hamburg  and  the  adjacent  works  of  Blohm  and  Yose, 
who  are  now  building  for  the  Hamburg- American  Line  the 
steamship  Yaterland,  which  is  larger  than  the  Imperator.  The 
harbor  is  50  miles  inland  on  the  river  Elbe  and  excavated  almost 
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entirely  from  land  adjacent  to  the  river  banks.  It  is  the  largest 
in  Germany  and  has  the  third  largest  shipping  trade  in  the 
world,  with  docks  to  accommodate  450  sea-going  vessels  and  6400 
coasting  and  river  craft.  The  crane-handling  facilities  for  which 
the  harbor  is  so  well-known  were  especially  interesting,  and  it 
is  further  worthy  of  note  that  at  a  single  point  were  here  ob- 
served the  largest  dock,  the  largest  crane  and  the  largest  ship  in 
construction  in  the  world. 

Scarcel}^  less  impressive  Avere  the  dock  facilities  inspected  still 
further  inland  at  Duisburg  and  Kuhrort,  constituting  the  facili- 
ties for  traffic  between  the  Khinish-Westphalian  coal  and  indus- 
trial district  and  the  waterway  of  the  Rhine.  These  harbors 
have  a  tonnage  much  greater  than  any  other  inland  port  in  the 
world  and  only  slightly  less  than  that  of  Hamburg. 

No  attempt  will  be  made  at  the  present  time  to  refer  to  the 
various  manufacturing  plants  visited  except  to  voice  the  report 
repeatedly  made  by  the  visitors  of  the  splendid  welfare  and  edu- 
cational work  ver}^  generally  practised  by  German  manufac- 
turers. 

As  is  well  known  there  is  a  series  of  insurance  laws  in  Ger- 
many requiring  provision  to  be  made  for  the  insurance  and  pen- 
sioning of  employees  and  for  other  features  calculated  to  con- 
tribute to  their  comfort  and  happiness.  Many  concerns, 
however,  go  far  beyond  the  actual  requirements  of  the  law  and 
provide  ideal  housing  arrangements,  medical  attention,  convales- 
cent homes,  and  factory  conditions,  which  in  cleanliness  and 
general  attractiveness  are  almost  ideal.  The  German  laws  further 
provide  for  the  instruction  of  young  men  who  have  left  school 
in  the  intermediate  grades,  until  18  years  of  age,  usually  by 
means  of  a  night  school,  and  manufacturers  now  are  providing 
apprentice  courses  in  this  connection  in  which  instruction  is 
given  in  the  trades  in  separate  departments  and  with  it  the  re- 
quired amount  of  schooling,  but  during  working  hours  instead 
of  in  the  evening. 

At  Leipzig  were  the  two  professional  sessions  of  the  Verein 
deutscher  Ingenieure  in  which  The  American  Society  of  Mechan- 
ical Engineers  participated.  The  first,  held  in  the  Central  The- 
ater, was  a  brilliant  event  attended  by  the  engineers  of  both 
nations,  occupying  the  main  floor,  and  the  ladies  who  occupied 
the  balconies.  The  meeting  was  honored  by  the  presence  of  King 
Friedrich  August  of  Saxony  and  l)v  many  noted  n^on  in  engi- 
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neering  and  science,  among  them  C"mint  Zeppelin.  The  pajiers 
presented  were  Technical  Science  and  Culture  of  the  Present  by 
Professor  Laniprecht,  and  Engineering  Development  and  Mod- 
ern Welfare  by  Dr.  ^V.  F.  M.  Goss,  President  of  The  American 
Society  of  Mechanical  Engineers.  At  this  session  honors  were 
conferred  upon  George  Westinghouse. 

The  second  session  was  held  in  a  hall  on  the  grounds  of  the 
Architectural  Exhibit  now  in  progress  at  Leipzig,  with  papers 
on  Industrial  Management  by  James  M.  Dodge,  Past-President 
of  The  American  Society  of  Mechanical  Engineers,  and  on 
Works  Management  and  Works  Theory  by  Professor  Schlesinger. 
Following  this  was  an  opportunity  for  the  inspection  of  the 
exhibition,  which  is  on  a  large  scale,  with  many  buildings  and 
numerous  model  dwellings  shoAving  recent  ideas  in  German  archi- 
tecture and  house  furnishing. 

Besides  these  specially  assigned  papers,  seA^eral  important  lec- 
tures were  given  during  the  trip  by  various  authorities,  notably 
at  Hamburg  on  the  Hamburg  harbor;  at  Leipzig  on  the  Famous 
Men  in  Industry,  Art,  Music  and  Statecraft  Avho  have  honored 
the  city ;  at  Berlin  on  the  Relations  of  the  Great  Industries  of 
Berlin  to  those  of  the  United  States;  at  Diisseldorf  on  the 
Rhinish-Westphalian  Industries;  at  Duisburg  on  the  Duisburg- 
Ruhrort  Harbor;  and  at  several  of  the  industrial  plants  visited, 
notably  that  of  A.  Borsig. 

Along  with  the  technical  features  of  the  journey  were  several 
pleasure  trips  that  Avere  Avelconied  by  the  visitors  as  forming  a 
break  in  their  strenuous  journey.  At  Leipzig  there  was  a  de- 
lightful trip  to  the  Bastai  in  Saxon-SAvitzerland  on  the  riA'er 
Elbe.  Here  the  guests  participated  in  a  little  mountain-climbing 
among  the  high  sandstone  forn  ations  which  giA^e  the  name  to 
this  range  of  hills.  From  Berlin  the  party  Avas  taken  in  un- 
usually fine  sight-seeing  automobiles  to  the  Havel  river  seA'eral 
miles  out,  beyond  Charlottenburg,  Avhere  a  stean:er  was  boarded 
for  a  sail  through  the  picturesque  Havel  lakes  into  which  the 
river  expands.  The  steamer  was  accompanied  by  a  launch  carry- 
ing a  bugle  corps  alongside  to  render  music,  which  Avas  much 
more  pleasing  than  where  the  band  is  on  the  boat  itself.  A  land- 
ing was  made  at  the  beautiful  country-seat  of  Herr  Carl  F.  A^on 
Siemens  for  participation  in  a  garden  party  on  his  spacious 
grounds,  handsomely  decorated  for  the  occasion.  There  was  a 
pleasing  entertainment  by  a  choral  society  from  the  Siemens  and 
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Halske  Works  and  a  surprise  in  tlie  Avay  of  a  demonstration  of 
aeroplane  flight  by  a  machine  owned  by  the  Minister  of  War. 
The  afternoon  spent  here  was  most  delightful. 

At  Heidelberg,  the  charming  old  city  amoiig  the  wooded  hills, 
a  day's  visit  was  made  to  the  historic  castle,  the  construction  of 
which  was  begun  in  the  thirteenth  century  and  which  Avas  badly 
ruined  during  the  wars  on  German  soil  in  the  seventeenth  cen- 
tury. One  of  the  noted  sights  is  the  illumination  of  this  castle 
at  night  Avith  colored  lights  and  fireworks,  and  such  an  illumina- 
tion was  arranged  for  this  occasion. 

The  last  outing  was  arranged  at  Munich  and  consisted  of  a 
trip  on  the  lake  of  Starnberg.  Mention  should  also  be  made  of 
the  participation  in  the  Fourth  of  July  Celebration,  at  the 
Kursaal,  Bad  Homburg,  near  Frankfort,  in  the  evening  of  the 
Fourth.  The  view  from  the  Kursaal  is  particularly  beautiful, 
with  large  lawn,  trees  and  a  distant  vista  terminating  in  a 
Avoocled  slope.  The  extreme  grcmnds  Avere  decorated  Avith  lan- 
terns and  later  illuminated  Avith  fireworks.  The  celebration  in- 
cluded a  dinner  and  was  under  the  auspices  of  this  Society. 

In  Leipzig,  Berlin,  Diisseldorf,  Cologne,  Frankfort  and  Mann- 
heim special  automobile  trips  Avere  planned  for  the  ladies  of  the 
party.  In  almost  every  city  private  cars  Avere  loaned  and  three 
or  four  American  Avomen  Avere  put  in  the  charge  of  one  German 
woman.  In  Leipzig  the  ride  ended  in  the  exhibition  grounds-; 
in  Berlin  it  included  a  visit  to  the  palace,  Charlottenburg  and 
the  mausoleum  of  Queen  Luise,  and  a  delightful  luncheon  at  the 
Grunewald  Rennbahn;  in  Diisseldorf  the  most  interesting  part 
of  the  drive  Avas  the  visit  to  the  Friedenskirche  where  not  only 
the  beautiful  frescoes  of  Gebhardt  Avere  to  be  seen,  but  the  artist 
himself,  Avho  explained  his  paintings  in  person.  During  the 
Cologne  drive  another  old  church  Avas  visited,  St,  (Siereon's,  and 
the  American  Avomen  Avere  entertained  at  luncheon. 

The  women  of  Frankfort  ga\e  their  guests  an  interesting 
driA-e  to  the  Saalburg,  a  Avonderf ully  restored  old  Rouum  fortress. 
The  Mannheim  Avomen  alloAved  the  American  Avomen  the  privi- 
lege of  visiting  several  of  their  oavii  homes  and  entertained  them 
delightfully,  in  the  last  one  Avith  tea,  nnisic  and  dancing  in  the 
natural  theatre  in  the  gardens.  Besides  these  automobile  trips, 
the  American  Avomen  Avere  given  the  opjiortunity  of  inspecting 
the  institutions  for  the  welfare  of  the  Avorkn  en  of  the  Friedr. 
Krupp  Company  at  P]ssen  and  of  visiting  various  museums  and 
invaluable  art  treasures  in  the  diHerent  cities. 
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In  closing,  the  Gernian  Museum  at  Munich  shoukl  be  men- 
tioned again,  for  nothing  on  the  trip  was  more  remarkable  than 
this  and  in  the  estimation  of  many  it  takes  precedence  over  any- 
thing seen  clseAvhei'e.  It  was  founded  only  ten  years  ago  and 
already  occupies  two  large  buildings  with  a  wonderfully  com- 
plete collection  of  demonstrating  models  representing  the  devel- 
opment of  astronomy,  i)hysics,  chemistry,  metallurgy,  mechanics, 
shipping,  transportation  by  rail,  and  the  various  branches  of  the 
sciences  and  arts.  A  magnificent  new  building  is  now  nearly 
completed  for  the  housing  of  these  exhibits  under  one  roof  and 
the  visitors  of  this  Society  had  the  pleasure  of  lunching  there 
and  of  presenting  to  the  Museum  at  that  time  a  large  model  of 
the  Panama  Canal. 

At  the  final  dinner  at  Munich  both  Dr.  von  Miller,  President 
of  the  Verein  deiitscher  Ingenieure  and  Dr.  C.  Matschoss,  who 
has  personally  attended  to  the  management  of  the  visit  of  the 
American  engineers,  received  an  ovation.  Everyone  was  enthu- 
siastic in  his  praises  of  the  splendid  hospitality  which  had  been 
shown  on  every  hand.  It  seemed  impossible  to  express  the  deep 
feelings  of  appreciation  of  which  all  were  sensible  and  the  wish 
was  expressed,  as  it  had  been  on  previous  occasions  during  the 
trip,  that  the  German  engineers  might  come  to  America  in  1915 
to  attend  the  engineering  congress  in  San  Francisco  at  the  time 
of  the  opening  of  the  Panama  Canal  and  give  their  American 
friends  an  opixirtunity  to  render  them  some  service  in  return. 

A  complete  account  of  the  German  trip  and  of  the  meeting  i" 
Leipzig  Avill  be  published  by  the  Society  at  a  later  date. 


KELVIN  MEMORIAL  WINDOW 

The  memorial  window  in  honor  of  Lord  Kelvin,  erected  in 
W^estminster  Abbey  by  the  engineering  societies  of  Europe  and 
America,  was  unveiled  on  the  afternoon  of  July  15  and  appro- 
priately dedicated  by  the  Dean  of  Westminster,  Bishop  Ryle,  in 
the  presence  of  a  large  congregation.  The  Society  was  repre- 
sented at  this  ceremony  by  about  forty  members. 

The  window,  which  has  been  placed  on  the  north  side  of  the 
nave,  close  to  the  one  erected  in  1909  to  the  memory  of  Sir  Ben- 
jamin Baker,  was  designed  and  carried  out  by  the  same  artist, 
Mr.  J.  N.  Comper.  It  overlooks  the  grave  of  Lord  Kelvin,  and 
the  lights  contain  two  large  figures  under  canopies.  King  Henry 
V  in  armor,  and  Abbot  William  Colchester  vested  as  in  effigv 
on  his  tomb  in  the  abbey.  Within  the  canopy  above  the  king  is 
a  picture  of  his  coronation  and  above  the  abbot  a  representation 
of  the  contemporary  story  of  King  Henry  V  visiting  the  West- 
minster recluse  on  the  night  after  his  father's  death.  Both 
lights  are  framed  with  borders  having  niches  holding  sixteen 
statuettes  and  thirteen  shields  relating  to  them.  In  front  of 
the  pedestals  of  the  two  large  figures  are  tablets  held  by  angels, 
containing  the  words.  In  Memory  of  Baron  Kelvin  of  Largs. 
Engineer,  Natural  Philosopher,  B.1824,  D.1907,  and  beneath,  the 
arms  of  Lord  Kelvin  and  of  Glasgow  University. 

Preceding  the  dedication  the  Dean  of  Westminster  paid  a 
short  tribute  to  Lord  Kelvin,  dwelling  upon  the  extraordinary 
group  of  Cambridge  men  with  wdiich  he  was  associated,  all  of 
whom  had  not  only  a  good  head  but  a  good  inheritance.  It  had 
been  the  part  of  Kelvin  to  transform  to  the  practical  utility  of 
mankind  the  glories  of  the  new  fields  of  knowledge  opened  up 
in  the  Victorian  era  and  the  new  world  of  electricity  which  had 
been  discovered.  He  was  never  spoilt  by  fortune  in  the  pursuit 
of  his  researches  and  never  allowed  himself  to  be  a  recluse;  he 
Avas  alw^ays  genial  and  accessible,  always  humble  and  unselfish. 
Nothing  was  too  simple  for  his  experiments,  nothing  too  abstruse 
for  the  powers  of  his  calculation.     All  through  his  life,  in  the 

10 


SOCIETY    AFFAIRS  11 

face  of  the  strong  prevailing  current  of  materialism,  he  pre- 
served the  simplicit}^  of  his  early  Christian  faith.  He  spoke 
with  hnn)ility  of  a  great  man  and  many  could  look  back  with 
gratitude  upon  the  influence  of  the  example  of  his  religious  be- 
lief which  a  man  of  his  gigantic  intellect  furnished  to  those  of 
a  younger  generation.  One  of  the  inventions  which  his  genius 
succeeded  in  perfecting  was  that  for  submarine  telegraphy  across 
the  Atlantic,  and  Englishmen  and  their  American  brothers  had 
thereby  been  brought  into  immediate,  constant  and  almost  in- 
stantaneous communication,  and  a  sense  of  brotherhood,  whose 
peace  had  been  unbroken  for  one  hundred  years  and  which  it 
was  to  be  hoped  would  so  continue,  had  been  materially  deep- 
ened and  strengthened.  Kelvin's  name  on  both  sides  of  the  At- 
lantic was  one  of  the  most  epoch-making  in  the  domain  of  natu- 
ral philosophy. 

A  procession  was  then  formed  to  the  nave  where  the  Dean 
signified  his  acceptance  of  the  window  as  part  of  the  fabric  of 
the  church.  The  window  was  presented  to  the  Abbey  by  Mr. 
R.  Elliott  Cooper  on  behalf  of  the  donors. 

After  the  service  the  Dean  of  Westminster  and  Mrs.  Ryle 
received  the  engineers  in  their  home,  and  a  large  nuu'ber  of  the 
American  party  participated  in  this  courtesy. 

In  the  evening,  the  societies  in  London  jointly  invited  the 
American  engineers  and  their  ladies  to  a  fete  in  the  Royal  Bo- 
tanical Society's  Gardens  in  Regents  Park.  Here  a  reception 
was  held  in  the  beautifully  illuminated  gardens  and  a  perform- 
ance of  King  Rene's  Daughter  was  given  on  the  greensward 
amidst  natural  scenery.    Supper  was  then  served  in  the  marquee. 

Mr.  Cooper  welcomed  the  guests  on  the  part  of  the  hosts  and 
generously  gave  credit  for  the  part  which  the  American  societies 
had  taken  in  the  erection  of  the  window.  In  the  absence  of  both 
Mr.  Gates  and  Mr.  Dean,  who  had  expected  to  be  present,  Calvin 
^y.  Rice,  Secretaiy  of  the  Society,  responded  and  acknowledged 
the  further  obligation  of  the  memliers  for  the  hospitality  of  their 
English  friends.  He  Avarmly  invited  all  to  come  to  America  in 
1915  to  permit  some  suitable  return  of  entertainment.  He  spoke 
also  of  the  important  part  the  engineer  is  taking  in  the  world's 
Avork  and  said  that  the  bringing  together  of  the  n  embers  of  the 
profession  was  instrumental  in  bringing  together  the  nations. 
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The  Membership  Committee  have  received  applications  from  the 
following  candidates.  Any  member  objecting  to  the  election  of  any 
of  these  candidates  should  inform  the  Secretary  before  September  15, 
1913: 
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Cajander,  Sven  Gottfrid,  Chile,  S.  A.  Schultz,  John  L.,  Philadelphia,  Pa. 
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England  Trabold,  Frank  William,  Brooklyn,  N.  Y. 
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LIBRARY  GIFTS 

Tlio  LibraiT  Coniiuiltee  is  c<)nsiclerin<.v  seriously  the  establisli- 
ineiit  ot"  braiu'h  libraries  in  several  cities  in  the  United  States  out- 
side of  New  York,  or  at  least  the  strengthening  of  the  engineer- 
ing resources  of  j^ublic  libraries  existing  in  these  cities.  Many 
members  of  the  founder  societies  have  been  generons  in  donations 
of  sets  of  periodicals  to  the  Library,  and  thus  there  have  accu- 
mulated a  number  of  (lu})licate  sets  of  })eriodicals.  It  is  hoped 
that  any  member  of  the  Society  who  has  such  sets  which  he  may 
care  to  donate  for  this  pnrpose  will  conuuunicate  with  Dr.  Leon- 
ard Waldo,  at  4!)  Wall  Street,  New  York,  stating  his  intention, 
and  submitting  a  list  of  the  material  which  he  may  wish  to  pre- 
sent. Periodical  sets  and  sets  of  society  transactions  are  espe- 
cially welcome. 

The  Librai'v  has  recently  received  a  most  generous  gift  of  a 
hnndred  or  moi-e  books  from  Mrs.  Charles  Wallace  Hunt,  widow 
of  the  Society's  past-]:)resident,  which  have  been  placed  in  the 
Library's  stacks  where  they  are  accessible  to  readers.  The  list  is 
too  long  to  l)e  included  in  the  Accessions  to  the  Library,  pub- 
lished on  another  page  of  The  Jonrnal,  but  it  comprises  many 
volumes  of  technical  value  and  forms  a  distinct  addition  to  the 
Library's  valuable  collection. 
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neering  and  scioiioe,  among  them  Count  Zeppelin.  The  papers 
presented  were  Technical  Science  and  Culture  of  the  Present  by 
Professor  Laniprecht,  and  Engineering  Development  and  Mod- 
ern Welfare  by  Dr.  ^V.  F.  M.  Goss,  President  of  The  American 
Society  of  Mechanical  Engineers.  At  this  session  honors  were 
conferred  upon  George  Westinghouse. 

The  second  session  was  held  in  a  hall  on  the  grounds  of  the 
Architectural  Exhibit  now  in  progress  at  Leipzig,  with  papers 
on  Industrial  Management  by  James  M.  Dodge,  Past-President 
of  The  American  Societ}^  of  Mechanical  Engineers,  and  on 
Works  Management  and  Works  Theory  by  Professor  Schlesinger. 
FolloAving  this  was  an  opportunity  for  the  inspection  of  the 
exhibition,  which  is  on  a  large  scale,  with  many  buildings  and 
numerous  model  dwellings  shoAving  recent  ideas  in  German  archi- 
tecture and  house  furnishing. 

Besides  these  specially  assigned  papers,  several  important  lec- 
tures were  given  during  the  trip  by  various  authorities,  notably 
at  Hamburg  on  the  Hamburg  harbor ;  at  Leipzig  on  the  Famous 
Men  in  Industry,  Art,  Music  and  Statecraft  who  have  honored 
the  city;  at  Berlin  on  the  Relations  of  the  Great  Industries  of 
Berlin  to  those  of  the  United  States;  at  Diisseldorf  on  the 
Rhinish-Westphalian  Industries;  at  Duisburg  on  the  Duisburg- 
Ruhrort  Harbor ;  and  at  several  of  the  industrial  plants  visited, 
notably  that  of  A.  Borsig. 

Along  with  the  technical  features  of  the  journey  were  several 
pleasure  trips  that  were  welcomed  by  the  visitors  as  forming  a 
break  in  their  strenuous  journey.  At  Leipzig  there  was  a  de- 
lightful trip  to  the  Bastai  in  Saxon-Switzerland  on  the  river 
Elbe.  Here  the  guests  participated  in  a  little  mountain-climbing 
among  the  high  sandstone  forn  ations  which  give  the  name  to 
this  range  of  hills.  From  Berlin  the  party  was  taken  in  un- 
usually fine  sight-seeing  automobiles  to  the  Havel  river  several 
miles  out,  beyond  Charlottenburg,  Avhere  a  steamer  was  boarded 
for  a  sail  through  the  picturesque  Havel  lakes  into  which  the 
river  expands.  The  steamer  was  accompanied  by  a  launch  carry- 
ing a  bugle  corps  alongside  to  render  music,  which  was  much 
more  pleasing  than  where  the  band  is  on  the  boat  itself.  A  land- 
ing was  made  at  the  beautiful  country-seat  of  Herr  Carl  F.  von 
Siemens  for  participation  in  a  garden  party  on  his  spacious 
grounds,  handsomely  decorated  for  the  occasion.  There  was  a 
pleasing  entertainment  by  a  choral  society  from  the  Siemens  and 
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Halske  Woi-k.s  and  a  surprise  in  the  way  of  a  demonstration  ol" 
aeroplane  flight  by  a  machine  owned  by  the  Minister  of  War. 
The  afternoon  spent  here  was  most  delightful. 

At  Heidelberg,  the  charming  old  city  among  the  wooded  hills, 
a  day's  visit  was  made  to  the  historic  castle,  the  construction  of 
which  was  begun  in  the  thirteenth  century  and  which  was  badly 
ruined  diu'ing  the  wars  on  German  soil  in  the  seventeenth  cen- 
tury. One  of  the  noted  sights  is  the  illumination  of  this  castle 
at  night  with  colored  lights  and  fireworks,  and  such  an  illmnina- 
tion  was  arranged  for  this  occasion. 

The  last  outing  was  arranged  at  Munich  and  consisted  of  a 
trip  on  the  lake  of  Starnberg.  Mention  should  also  be  made  of 
the  participation  in  the  Fourth  of  July  Celebration,  at  the 
Kursaal,  Bad  Homburg,  near  Frankfort,  in  the  evening  of  the 
Fourth.  The  view  from  the  Kursaal  is  particularly  beautiful, 
with  large  lawn,  trees  and  a  distant  vista  terminating  in  a 
wooded  slope.  The  extreme  grounds  were  decorated  with  lan- 
terns and  later  illuminated  with  fireworks.  The  celebration  in- 
cluded a  dinner  and  was  under  the  auspices  of  this  Society. 

In  Leipzig,  Berlin,  Diisseldorf,  Cologne,  Frankfort  and  Mann- 
heim special  automobile  trips  were  planned  for  the  ladies  of  the 
party.  In  almost  every  city  private  cars  were  loaned  and  three 
or  four  American  women  were  put  in  the  charge  of  one  German 
woman.  In  Leipzig  the  ride  ended  in  the  exhibition  grounds; 
in  Berlin  it  included  a  visit  to  the  palace,  Charlottenburg  and 
the  mausoleum  of  Queen  Luise,  and  a  delightful  luncheon  at  the 
Grunewald  Rennbahn;  in  Diisseldorf  the  most  interesting  part 
of  the  drive  Avas  the  visit  to  the  Friedenskirche  where  not  only 
the  beautiful  frescoes  of  Gebhardt  wei'e  to  be  seen,  but  the  artist 
himself,  who  explained  his  paintings  in  person.  During  the 
Cologne  drive  another  old  church  was  visited,  St.  Gereon's,  and 
the  American  women  were  entertained  at  luncheon. 

The  women  of  Frankfort  ga^e  their  guests  an  interesting 
drive  to  the  Saalburg,  a  wonderfully  restored  old  Roman  fortress. 
The  Mannheim  women  allowed  the  American  women  the  privi- 
lege of  visiting  several  of  their  own  homes  and  entertained  them 
delightfully,  in  the  last  one  with  tea,  unisic  and  dancing  in  the 
natural  theatre  in  the  gardens.  Besides  these  automobile  trips, 
the  American  women  Avere  given  the  opportunity  of  inspecting 
the  instituticms  for  the  welfare  of  the  workiren  of  the  Fi-iedr. 
Krupp  Company  at  Essen  and  of  \isiting  various  museums  and 
invaluable  art  ti-easures  in  the  diil'erent  cities. 


SOCIETY    AFFAIRS  9 

111  closino;,  the  German  IMuseuiii  at  Munich  shouhl  he  men- 
tioned again,  for  nothing  oh  the  trip  was  more  remarkable  than 
this  and  in  the  estimation  of  many  it  takes  precedence  over  any- 
thing seen  elsewhere.  It  was  founded  only  ten  years  ago  and 
already  occupies  two  large  buildings  with  a  wonderfully  com- 
plete collection  of  demonstrating  models  representing  the  devel- 
opment of  astronomy,  physics,  chemistry,  metallurgy,  mechanics, 
shipping,  transportation  by  rail,  and  the  various  branches  of  the 
sciences  and  arts.  A  magnificent  new  building  is  now  nearly 
completed  for  the  housing  of  these  exhibits  under  one  roof  and 
the  visitors  of  this  Society  had  the  pleasure  of  lunching  there 
and  of  presenting  to  the  Museum  at  that  time  a  large  model  of 
the  Panama  Canal. 

At  the  final  dinner  at  Munich  both  Dr.  von  Miller,  President 
of  the  Verein  deutscher  Ingenieure  and  Dr.  C.  Matschoss,  who 
has  personally  attended  to  the  management  of  the  visit  of  the 
American  engineers,  received  an  ovation.  Everyone  w^as  enthu- 
siastic in  his  praises  of  the  splendid  hospitality  which  had  been 
shown  on  every  hand.  It  seemed  impossible  to  express  the  deep 
feelings  of  appreciation  of  which  all  were  sensible  and  the  Avish 
was  expressed,  as  it  had  been  on  previous  occasions  during  the 
trip,  that  the  German  engineers  might  come  to  America  in  1915 
to  attend  the  engineering  congress  in  San  Francisco  at  the  time 
of  the  opening  of  the  Panama  Canal  and  give  their  American 
friends  an  opportunity  to  render  them  some  service  in  return. 

A  complete  account  of  the  German  trip  and  of  the  meeting  iv 
Leipzig  will  be  piil)lished  by  the  Society  at  a  later  date. 


KELVIN  MEMORIAL  WINDOW 

The  memorial  window  in  honor  of  Lord  Kelvin,  erected  in 
Westminster  Abbey  by  the  engineering  societies  of  Europe  and 
America,  was  unveiled  on  the  afternoon  of  July  15  and  appro- 
priately dedicated  by  the  Dean  of  Westminster,  Bishop  Kyle,  in 
the  presence  of  a  large  congregation.  The  Society  was  repre- 
sented at  this  ceremony  by  about  forty  members. 

The  window,  which  has  been  placed  on  the  north  side  of  the 
nave,  close  to  the  one  erected  in  1909  to  the  memory  of  Sir  Ben- 
jamin Baker,  was  designed  and  carried  out  by  the  same  artist, 
Mr.  J.  N.  Comper.  It  overlooks  the  grave  of  Lord  Kelvin,  and 
the  lights  contain  two  large  figures  under  canopies.  King  Henry 
V  in  armor,  and  Abbot  William  Colchester  vested  as  in  etligy 
on  his  tomb  in  the  abbey.  AVithin  the  canopy  above  the  king  is 
a  picture  of  his  coronation  and  above  the  abbot  a  representation 
of  the  contemporary  story  of  King  Henry  V  visiting  the  West- 
minster recluse  on  the  night  after  his  father's  death.  Both 
lights  are  framed  with  borders  having  niches  holding  sixteen 
statuettes  and  thirteen  shields  relating  to  them.  In  front  of 
the  pedestals  of  the  two  large  figures  are  tablets  held  by  angels, 
containing  the  words,  In  Memory  of  Baron  Kelvin  of  Largs, 
Engineer,  Natural  Philosopher,  B.1824,  D.1907,  and  beneath,  the 
arms  of  Lord  Kelvin  and  of  Glasgow  University. 

Preceding  the  dedication  the  Dean  of  Westminster  paid  a 
short  tribute  to  Lord  Kelvin,  dwelling  upon  the  extraordinary 
group  of  Cambridge  men  with  Avhich  he  was  associated,  all  of 
whom  had  not  only  a  good  head  but  a  good  inheritance.  It  had 
been  the  part  of  Kelvin  to  transform  to  the  practical  utility  of 
mankind  the  glories  of  the  new  fields  of  knowledge  oj^oned  up 
in  the  Victorian  era  and  the  new  world  of  electricity  which  had 
been  discovered.  He  was  never  spoilt  by  fortune  in  the  pursuit 
of  his  researches  and  never  allowed  himself  to  be  a  recluse;  he 
was  always  genial  and  accessible,  always  humble  and  unselfish. 
Nothing  was  too  simple  for  his  experiments,  nothing  too  abstruse 
for  the  powers  of  his  calculation.     All  through  his  life,  in  the 

10 


SOCIETY    AFFAIRS 


11 


face  of  tlie  sti-ono-  prevailin<^-  cuiTent  of  niaterialisiii,  he  pre- 
served the  siiiipl icily  of  his  early  Christian  faith.  He  spoke 
with  hiiiiiility  of  a  great  man  and  many  could  look  back  with 
gratitude  upon  the  influence  of  the  example  of  his  religious  be- 
lief which  a  man  of  his  gigantic  intellect  furnished  to  those  of 
a  younger  generation.  One  of  the  inventions  which  his  genius 
succeeded  in  perfecting  was  that  for  submarine  telegraphy  across 
the  Atlantic,  and  Englishmen  and  their  American  brothers  had 
thereby  been  brought  into  immediate,  constant  and  almost  in- 
stantaneous conmiunication.  and  a  sense  of  brotherhood,  wdiose 
peace  had  been  unbroken  for  one  hundred  years  and  which  it 
was  to  be  hoped  would  so  continue,  had  been  materially  deep- 
ened and  strengthened.  Kelvin's  name  on  both  sides  of  the  At- 
lantic ^vas  one  of  the  most  epoch-making  in  the  domain  of  natu- 
ral philosophy. 

A  procession  w^as  then  formed  to  the  nave  where  the  Dean 
signified  his  acceptance  of  the  window  as  part  of  the  fabric  of 
the  church.  The  window  was  presented  to  the  Abbey  by  Mr. 
R.  Elliott  Cooper  on  behalf  of  the  donors. 

After  the  service  the  Dean  of  Westminster  and  Mrs.  Ryle 
received  the  engineers  in  their  h(mie,  and  a  large  number  of  the 
American  party  participated  in  this  courtesy. 

In  the  evening,  the  societies  in  London  jointly  invited  the 
American  engineers  and  theii'  ladies  to  a  fete  in  the  Royal  Bo- 
tanical Society's  Gardens  in  Regents  Park.  Here  a  reception 
Avas  held  in  the  beautifully  illuminated  gardens  and  a  perform- 
ance of  King  Rene's  Daughter  was  given  on  the  greensward 
amidst  natural  scenery.    Supper  was  then  served  in  the  marquee. 

Mr.  Cooper  welcomed  the  guests  on  the  part  of  the  hosts  and 
generously  gave  credit  for  the  part  which  the  American  societies 
had  taken  in  the  erection  of  the  wandow.  In  the  absence  of  both 
Mr.  Gates  and  Mr.  Dean,  who  had  expected  to  be  present,  Calvin 
W.  Rice,  Secretary  of  the  Society,  responded  and  acknowledged 
the  further  obligation  of  the  mend)ers  for  the  hospitality  of  their 
English  friends.  He  warmly  invited  all  to  come  to  America  in 
1915  to  permit  some  suitabl.e  return  of  entertainment.  He  spoke 
also  of  the  important  part  the  engineer  is  taking  in  the  world's 
work  and  said  that  the  bringing  together  of  the  nembers  of  the 
profession  was  instrumental  in  bringing  together  the  nations. 
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LIBRARY  GIFTS 

The  Library  Coiiiniiltee  is  coiisicleriiig  seriously  the  establish- 
ment of  branch  libi-ai-ies  in  several  cities  in  the  United  States  out- 
side of  New  York,  or  at  least  the  strengthening  of  the  engineer- 
ing resources  of  ]:)ublic  libraries  existing  in  these  cities.  Many 
members  of  the  founder  societies  have  been  generous  in  donations 
of  sets  of  periodicals  to  the  Library,  and  thus  there  have  accu- 
mulated a  number  of  duplicate  sets  of  periodicals.  It  is  hoped 
that  any  member  of  the  Society  who  has  such  sets  which  he  may 
care  to  donate  for  this  purpose  will  communicate  with  Dr.  Leon- 
ard Waldo,  at  40  Wall  Street,  New  York,  stating  his  intention, 
and  submitting  a  list  of  the  material  Avhich  he  may  wish  to  pre- 
sent. Periodical  sets  and  sets  of  society  transactions  are  espe- 
cially welcome. 

The  Librai'y  has  recently  received  a  most  generous  gift  of  a 
hundred  or  more  books  from  Mrs.  Charles  Wallace  Hunt,  widow 
of  the  Society's  past-president,  which  have  been  placed  in  the 
Library's  stacks  Avhere  they  are  accessible  to  readers.  The  list  is 
too  long  to  be  included  in  the  Accessions  to  the  Library,  pub- 
lished on  another  page  of  The  Journal,  but  it  comprises  many 
volumes  of  technical  value  and  forms  a  distinct  addition  to  the 
LibrarA  's  Aaluable  collection. 


EFFICIENCY  OF  ROPE   DRIVING  AS  A  MEANS 
OF  POWER  TRANSMISSION 

By  E.  H.  Ahara 
ABSTRACT  OF  TAPER 

This  papel*  deals  with  a  sories  of  tests  on  transmission  of  ])Ower  by  rope 
drives  under  various  conditions.  The  efficiency  is  measured  under  full, 
three-quai'ters,  one-half  and  one-quarter  loads.  One  inch  best  manila  rope 
was  used.  The  test  covers  drives  of  from  one  to  eight  ropes,  with  centers 
from  25  to  150  ft.,  on  both  American  and  English  systems. 

Tests  also  covere(J  open,  or  straight  driyes,  as  well  as  indirect,  or  up  and 
over  drives. 

The  efficiencies  as  shown  indicate  a  greater  efficiency  in  i:he  American 
than  the  English  system.  Medium  speeds,  though  showing  less  capacity, 
show  a  greater  efficiency  than  high  speeds. 

Accurately  turned  sheaves  show  a  decided  gain  over  ones  that  Aary  in 
pitch  diameter;  and  direct  drives  are  always  preferable  to  the  indirect  ones. 

The  efficiency  of  rojie  driving  does  not  materially  vary  over  a  wide  range 
of  different  wurking  tensions  in  the  rope. 
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EFFICIENCY  OF   ROPE   DRIVINCx  AS  A  MEANS 
OF  POWER  TRANSMISSION 

By  E.   II.   Ahara,   Misiiawaka,   Ind. 
Member  of   the   Society 

Of  the  several  types  of  mechanical  i)ower  transmission  includ- 
ing belting-,  gearing,  rope  driving,  etc.,  the  question  of  efficiency 
of  the  last  has  perluips  received  the  least  attention  and,  outside 
of  general  treatment,  very  little  engineei-ing  literature,  consider- 
ing the  importance  of  the  subject,  is  obtainable.  While  trans- 
mission by  rope  systems  of  various  kinds  is  a  very  old  method  of 
transmitting  power  from  one  shaft  to  another,  being  used,  ac- 
cording to  one  authority  to  a  limited  extent  by  C.  F.  Hern,  (;f 
Logleback  on  the  Rhine,  Germany,  as  early  as  1S52,  the  diffi- 
culty of  obtaining  accurate  measurements  of  the  power  consumed 
by  the  rope  itself  has  prevented  its  efficiency  being  easily  ascer- 
tained in  practical  work.  Because  of  the  ease  with  which  elec- 
trical measurements  can  be  taken  by  means  of  direct  reailiiig  in- 
struments, which  enabled  power  consumi)tion  to  be  measured  so 
much  more  readily  than  by  any  other  means,  electrical  power 
itself  has  been  given  much  more  attention  than  other  types  of 
power  service. 

2  Owing  to  there  being  no  way  of  determining  the  losses  in 
transmission  in  regular  working  rope  drive  installations,  the 
efficiency  can  be  ascertained  only  by  laboratory,  (  r  test  outfits, 
and  these,  considering  the  divei'sity  of  ty[)es  and  methods,  the 
large  number  of  variables  involved,  as  well  as  the  vast  diiference 
in  working  conditions  and  capacities,  are  necessarily  elaborate 
and  the  expense  of  such  tests  has  tended  to  limit  the  knowledge 
obtainable  in  this  way.  The  present  tests  were  undertaken  with 
the  object  of  obtaining,  in  a  practical  way,  some  definite  figures 
on  a  few  of  the  several  variables  in  rope-driving  practice,  and 
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it  is  believed  that  the  phm  is  broad  enough  in  its  scope  to  give 
reliable  data  whereby  the  efficiency  of  most  drives  may  be  very 
closelj^  approximated. 

3  The  importance  of  the  tests  may  be  estimated  from  the  con- 
clusions that  are  deducible  from  the  data  obtained.  They  seem 
to  show  that  the  efficiency  in  rope  driving  is  considerably  greater 
at  the  lower  speeds  than  at  the  higher  ones,  the  dropping  otf 
being  especially  noticeable  above  4500  ft.  per  min.  of  rope  speed. 
They  also  show  that  the  efficiency  of  a  rope  drive  is  not  materi- 
ally affected  by  distances  between  centers  up  to  150  ft.,  that  the 
drop  of  efficiency  at  50  per  cent  load  is  comparatively  small  over 
that  of  full  load,  and  that  if  proper  care  is  exercised  to  have  all 
grooves  perfect  in  pitch  diameter  many  as  well  as  few  ropes 
can  be  run  on  a  drive  with  good  efficiency.  With  the  American 
system,  increasing  the  slack  rope  tension  up  to  3G0  lb.  in  a  1-in. 
rope  does  not  appear  to  decrease  its  efficiency,  but  rather  to  in- 
crease it  if  power  is  used  in  conformity  with  this  tension;  but 
only  such  tension  should  be  used  as  is  necessary  to  drive  the  load 
needed.  For  the  rope  tested  the  American  system  has  very  much 
more  capacity  than  the  English  system,  and  has  also  a  higher 
percentage  of  efficiency.  In  general  it  would  appear  that,  where 
there  is  a  considerable  power  to  be  transmitted,  the  properly 
worked  out  rope  drive  gives  a  most  efficient  and  economical 
method,  and  where  conditions  are  favorable  to  its  installation 
no  other  known  method  of  transmission  will  so  well  conserve 
power  losses. 

4  There  are  two  general  systems  of  rope  driving  in  common 
use:  (a)  the  English  system,  the  oldest,  which  uses  a  series  of 
separate  ropes,  each  spliced  up  into  an  endless  band  and  occu- 
pying a  separate  groove  on  the  face  of  each  of  the  sheave  wheels : 
and  (b)  the  American  system,  the  more  modern,  patented  in  the 
United  States  by  W.  H.  Dodge,  June  23,  1885,  which  uses  one 
continuous  rope  wound  about  the  driver  and  driven  sheaves  with 
a  loop  taken  over  a  weighted  tightener  wheel,  that  keeps  a  defi- 
nite tension  continually  in  the  i-opes.  Wire  ropes  or  (•al)les  are 
sometimes  used,  but  so  rarely  that  no  attempt  was  made  to  study 
their  efficiency.  Manila  fiber  ropes,  which  are  used  almost  en- 
tirely in  rope  transmission  work,  were  used  exclusively  in  these 

tests. 

5  These  two  general  systems  were  tested  in  open  drives  of  from 
one  to  eight  i-opes  each  under  speeds  of  rope  travel  from  2500 
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ft.  per  niin.  to  5500  ft.  per  min.,  on  center  distances  varying  from 
25  ft.  to  150  ft.  and  with  varying  loads.  Difficult}^  was  found 
in  handling  the  English  system  on  125  ft.  and  150  ft.  centers  on 
account  of  the  slack  rope,  which  was  the  upper  one,  sagging 
doAvn  through  the  tight  ropes  and  rubbing  on  the  ground.  This 
limited  the  work  on  the  English  system  to  112  ft.  centers  as  the 
maximum.  Other  than  this  limit,  and  the  fact  of  varying  ten- 
sions on  the  100  ft.  centers,  the  English  test  followed  the  same 
schedule  also. 

6  Both  English  and  Anieri(;an  s\\stems  were  also  tested  on 
what  is  termed  "  up  and  over  "  drives,  i.  e.,  with  four  idlers, 
on  approximately  100  ft.  centers  with  the  same  approximate 
speeds  as  above,  and  with  from  (me  to  eight  ropes.  There  were 
also  tests  taken  on  the  American  system  to  determine  the  effi- 
ciency and  capacity  under  different  strains  in  the  pulling  rope. 
In  all  about  700  tests  were  taken  with  upwards  of  7000  read- 
ings. The  tests  were  all  taken  in  the  open  air,  at  the  plant  of 
the  Dodge  Manufacturing  Company,  Mishaw^aka,  Indiana,  and 
extended  over  a  period  of  five  months  of  continuous  work,  ten 
hours  a  day,  from  August  to  December  1912.  But  few  days 
were  lost  during  the  entire  series  of  tests  and  these  only  on 
account  of  rainy  weather. 

7  The  general  method  of  conducting  the  test  embraced  the 
use  of  a  250-h.p.  Westinghouse  direct-current  motor  driving 
through  an  auxiliary  rope  drive  to  a  jack  shaft  on  which  w^as 
mounted  the  60-in.  test  driver;  the  driven  shaft  was  fitted  in 
bearings  on  a  movable  tow^er,  and  on  the  driven  shaft  was 
mounted  the  receiving  sheave,  of  the  same  diameter  as  the  driv- 
ing sheave,  and  also  a  prony-brake  wheel.  Fig.  1  is  a  view^  of 
the  equipment  in  operation  with  sheaves  at  50  ft.  centers  and 
carrying  seven  ropes  at  4500  ft.  per  uin.  on  the  American  open- 
drive  system,  at  a  time  when  155  h.p.  was  being  transmitted. 
The  test  outfit  included  also  a  Weston  standard  volt  meter,  a 
Westinghouse  mi  Hi- volt  meter  with  750  ampere  shunt,  a  Schaef- 
fer  and  Budenberg  hand  tachometer  with  three  scales,  two  hand 
revolution  counters,  and  a  standard  Fairbanks  platform  scale. 

8  In  taking  a  test  one  observer  recorded  the  electrical  con- 
sumption, the  polarity  being  reversed  and  the  average  voltage 
taken;  another  applied  the  brake  and  kept  the  load  constant;  a 
third  recorded  the  revolutions  of  the  driven  shaft;  a  fourth 
recorded  the  revolutions  of  the  driver,  and  still  another  observed 
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the  sag  of  the  rope  in  the  center  of  the  span.  By  means  of  elec- 
trical signals  all  observations  were  started  at  the  same  instant 
to  avoid  the  ell'ect  of  continual  slight  variations;  if  there  arose 
any  reason  for  doubt  of  a  test  being  correct  it  was  repeated. 
The  ammeter  used  was  compared  weekly  with  a  carefully  cali- 
brated test  instrument  and  found  to  maintain  its  accuracy  dur- 
ing the  test.     The  volt  meter  was  frequently  checked  by  another 


Fig.  2     Details  of  Prony  Brake  used  in  Tests 


constantly  in  circuit  on  the  main  switchboard.      The  start  was 

made  by  means  of  a  water  rheostat  which  was  cut  out  by  a  knife 

switch  when  the  motor  reached  full  speed. 

9     Owing  to  the  large  variations  needed  in  loading  on  the 

prony  brake  the  load  measurements  wei'e  taken  directly  on  a 

platform  scale,  careful  corrections  being  uiade  for  the  weight 

of  the  prony-brake  lever;  also  the  latter  was  made  of  such  length 

Wt.  X  r.p.m 
that .  _  Y) —-  ^'P-     The  brake  wheel  was  flanged  so  as  to 
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Fig.  4     General  Plan  of  American  "Up  and  Over"  Drive  System 
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Fig.  6     Details  of  American  and  English  Types  op  Grooves  used  on 
Driver  and  Driven  Wheels 
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hold  a  considerable  quantity  of  water  on  the  inside  of  the  rim 
while  running,  and  cooling  water  was  constantly  supplied  from 
a  city  water  main,  through  a  1-in.  pipe,  and  carried  away  through 
a  2-in.  pipe;  the  quantity  used  being  varied  by  means  of  a  valve 
to  suit  conditions.  The  surface  of  the  brake  wheel  was  well 
lubricated,  and  having  a  brake  band  faced  with  cross  bars  of 
hard  maple,  no  particular  difficulty  was  experienced  in  work- 
ing the  brake  up  to  250  h.p.  A  spring  used  in  the  brake  pres- 
sure connection  at  A,  Fig.  2,  prevented  sudden  seizing  of  the 
brake  band  and  aided  in  keeping  the  scale  load  uniform.  By 
using  a  proper  capacity  of  spring,  the  tension  of  which  could 
be  varied  by  the  screw  adjustment,  very  good  results  were  ob- 
tained. 

10  The  general  plan  of  the  American  open  drive  is  shown 
in  Fig.  3,  of  the  American  "  up  and  over "  drive  in  Fig.  4, 
and  the  English  open  and  "  up  and  over  "  drives  in  Fig.  5. 
In  Fig.  6  are  given  the  details  of  the  American  and  English 
types  of  grooves  used  on  driver  and  driven  wheels.  All  idler 
or  carrier  wheels  used  had  U-shaped  grooves  into  which  the 
rope  bottomed  without  side  friction.  The  weights  of  all  wheels, 
as  well  as  dimensions,  are  given  to  afford  some  idea  of  the  in- 
ertia. All  bearings  on  all  shafts  were  ring  oiling  bearings 
except  those  on  the  carriage  axle  which  were  ordinary  grease 
bearings. 

11  The  different  speeds  were  obtained  by  changing  the 
sheaves  on  the  motor  and  jack  shafts  and  for  convenience 
sheaves  were  used  in  pairs  that  gave  respectively  2500  ft.,  3500 
ft.,  4500  ft.,  and  5500  ft.  of  rope  travel  per  minute.  In  order  to 
eliminate  the  factor  of  friction  of  the  motor  itself  and  the  jack 
shaft,  with  intervening  drive,  every  test  was  started  by  first  ap- 
plying the  prony  brake  to  the  jack  shaft,  and  taking  readings 
to  determine  the  friction  load  of  the  motor  and  jack  shaft 
under  the  various  loads  and  with  the  various  speeds  of  jack 
shaft  as  were  to  be  used  in  the  roj^e-drive  tests  later.  The  prony 
brake  was  then  removed  to  the  receiving  shaft  and  the  test 
proper  carried  through.  Again,  at  the  close  of  these  observa- 
tions, the  brake  was  applied  to  the  jack  shaft  and  the  friction 
readings  again  taken  for  comparison  with  the  friction  readings 
taken  at  the  beginning  of  the  test.  These  data  were  tabulated 
and  charted,  a  sample  of  the  tabulations  for  one  set  of  conditi(ms, 
namely,  the  American  system,  open-drive,  operated  with  six  ropes 
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at  the  2500  ft.  speed,  being  shown  in  Table  1 ;  this  gave  a  meas- 
ured output  of  9^5  lb.  on  the  brake  at  156  r.p.m.,  or  147.4  h.p., 
the  electrical  readings  being  2G2  volts  and  101.7  amperes,  which 
equals  133,227  watts.  Then  by  applying  a  load  such  as  to 
cause  a  corresponding  electrical  reading  with  the  brake  ap- 
plied to  the  jack  shaft,  the  input  to  the  drive  was  found  to  be 
153.4  h.p.  Comparisons  of  input  horsepower  as  given  in  col- 
uum  13,  Table  1,  and  delivered  horsepower  as  given  in  column 
1)  gives  the  efficiency  as  recorded  in  column  14,  which  is  9G.1  per 
cent  in  this  case. 

12  The  efficiency  as  above  given  includes  the  losses  in  the 
rope  itself,  the  friction  in  the  bearings  on  the  driven  shaft,  and 
the  losses  due  to  the  inertia  of  the  driven  wheel  and  the  prony- 
brake  wheel,  and,  also,  in  the  American  system  the  friction  of 
the  tension  equipment.  All  tests  were  made  to  include  the  fric- 
tion of  the  receiving  shaft  and  bearings  as  it  was  thought  this 
would  more  nearly  approximate  working  conditions  and  make 
the  data  obtained  of  more  general  application  in  ordinary  com- 
parisons. All  bearings  used  were  of  the  ring  oiling  babl)itted 
type,  and  the  ropes  were  all  1-in.  manila  rope  of  best  quality, 
carefully  treated  with  a  rope  dressing  to  prevent  the  entrance 
of  moisture  and  to  keep  the  surface  in  as  nearly  uniform  condi- 
tion as  possible.  It  was  found  during  the  test  that  this  was 
of  great  importance  as  very  slight  changes  in  the  rope  surface 
immediately  affected  its  capacity  and  efficiency. 

13  The  same  rope  was  used  throughout  the  American  open 
drive  test,  the  tests  being  run  in  such  order  that  the  rope  was 
shortened  at  each  succeeding  test,  and  thus  there  was  never  more 
than  one  splice  in  the  rope,  thereby  reducing  an}^  inaccuracy  from 
lack  of  uniformity  in  the  splice  of  the  rope  to  the  least  possible 
point.  This  same  care  was  observed  in  all  of  the  tests,  no  rope 
being  used  with  more  than  the  necessary  single  splice,  and  these 
were  in  every  case  carefully  made.  Frequent  photographs  were 
taken  showing  the  positions  of  the  ropes  under  varying  condi- 
tions, speeds  and  centers,  which  gave  a  very  good  idea  of  the  test 
as  it  proceeded. 

14  Fig.  7  gives  the  results  obtained  in  the  American  open 
drive  test  for  six  ropes  50  ft.  centers  with  efficiency  plotted 
against  speed ;  Fig.  8,  the  results  of  efficiency  relative  to  varying 
centers,  seven  ropes  at  the  4500  ft.  speed,  and  Fig.  9,  efficiency 
relative  to  number  of  ropes  for  50  ft.  centers  at  the  4500  ft. 
speed. 
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15  It  will  be  seen  that  a  lower  efficiency  is  shown  on  the  lower 
number  of  ropes.  This  is  undoubtedly  caused  by  the  fact  that 
the  eig-lit -grooved  wheel  made  for  testing  eight  ropes  was  used 
for  all  the  lesser  numl)er  of  ropes  to  avoid  the  expense  of  mak- 
ing additional  wheels  with  a  suitable  number  of  grooves  for 
each  drive.  This  together  with  the  weight  of  the  prony  brake 
increased   the  proportional   friction   on   the  smaller   loads,   and 
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Results  obtained  in  American  Open  Drive  Test  with  Efficiency 
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is,  therefore,  a  larger  percentage  of  the  total  load  in  the  drive 
of  few  ropes.  With  the  friction  of  driven  shaft  eliminated, 
limiting  the  losses  to  those  in  the  rope  alone,  it  is  believed  the 
efficiency  in  a  single  rope  would  be  as  great  if  not  greater  tiian 
any  multiple  thereof. 

IG     All  readings  were  taken  at  four  diffei-ent  capacities.    The 
rope  was  lirought  up  to  speed,  and  (he  brake  gradually  applied 
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until  the  observation  of  r.p.ni.  on  the  driving  and  driven  shafts 
showed  a  slippage,  when  the  brake  pressure  was  released 
a  trifle  and  the  observation  called  "full  load"  taken.  By 
changing  the  brake,  75  per  cent,  50  per  cent  and  25  per  cent 
of  this  load  was  also  observed.  Fig.  10,  which  is  a  good  repre- 
sentative  case,  gives   the  comparisons   of  efficiency   with   these 
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various  loads.  Owing  to  the  limited  capacity  of  the  motor 
(250  h.p.)  the  slippage  point  was  not  reached  on  many  of  the 
tests  involving  the  higher  speeds  and  number  of  ropes.  In 
these  cases  the  high  record  was  taken  at  the  motor  capacity  and 
so  recorded. 

17     In  all  of  the  above  tests  the  tension  in  the  slack  side  of 
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the  rope  was  kept  as  uniform  as  possible  at  180  lb.  by  means  of 
weighting  the  tension  carriage  properly.  In  order  to  ascertain 
what  tension  would  give  the  greatest  degree  of  efficiency,  irre- 
spective of  life  of  rope  or  wearing  qualities,  a  test  was  made 
with  the  slack  rope  under  varying  tensions,  the  results  of  which 
are  given  in  Fig.  11.  This  is  shown  on  one  rope  because  the 
capacity  of  the  single  rope  was,  under  the  heavy  tension,  as 
great  as  that  of  the  motor,  so  no  proper  comparison  could  be  ob- 
tained (m  more  than  one  rope. 

18  (3ne  of  the  greatest  troubles  in  rope  driving,  when  in- 
stalled by  inexperienced  engineers,  has  been  the  lack  of  uni- 
formity in  pitch  of  the  grooves  where  many  ropes  were  used. 
This  differential  in  the  grooves  compels  slippage  of  the  ropes 
which  not  only  causes  loss  of  power,  but  also  rapidly  depre- 
ciates the  rope,  and  often  causes  the  rope  to  flop  around  badly. 
To  test  the  loss  of  efficiency  in  this  case  two  wheels  60  in.  in 
diameter,  of  eight  grooves  each,  were  made  up  exactly  alike 
so  far  as  could  be,  and  after  most  careful  measurements  the 
grooves  on  either  wheel  were  found  not  to  differ  more  than 
1/64  in.  in  circumference  from  any  other  on  the  same  sheave, 
and  a  test  made.  The  driver  was  then  removed,  and  the  pitch 
diameter  of  each  groove  made  approximately  1/32  in.  less  than 
the  preceding  groove  so  the  eighth  groove  was  ^4  i^.-  l^ss  in 
diameter  than  the  first  one.  Again  it  was  placed  on  the  driv- 
ing shaft  and  a  duplicate  set  of  tests  made,  the  general  tenden- 
cies of  which  are  given  in  Fig.  12.  In  this  test  as  the  first 
groove  was  3/4  in.  larger  in  pitch  diameter  than  the  eighth 
groove,  with  the  sheave  revolving  at  160  r.p.m.,  there  would 
necessarily  be  a  slippage  in  an  inelastic  band  of  over  ten  feet 
per  minute. 

19  The  photographs  taken  of  this  differential  drive,  shown 
in  Figs,  13  to  16,  in  which  the  horsepower  transmitted  is  52  h.p., 
110  h.p.,  165  h.p.,  and  220  h.p.,  are  quite  illuminating,  as  they 
show  plainly  the  sag  of  the  various  ropes  under  this  condi- 
tion, and  how  under  heavy  load  they  stretch  and  slip  on  the 
grooves  of  the  sheave.  The  elasticity  of  the  rope  in  this  case 
undoubtedly  lends  itself  to  aid  efficient  operation. 

20  The  "  up  and  over  "  American  drive,  so  called  because  of 
its  course  upward  from  a  driver,  over  idler  wheels,  then  hori- 
zontally for  a  distance  and  down  over  idler  wheels  to  the  driven 
wheel,  was  tested  because  it  is  typical  of  all  but  direct  drives. 
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Fig.   13     American  Differential  Drive,   100  ¥t.  on  Centers,  Six  Ropes, 
2500  Ft.  per  Min.,  fif)  11. P. 


Fia.  14     American  Differential  Drive,   100  Ft.  on  Centers,  Six   Ropes, 
2500  Ft.  per  Min.,   110  H.P. 
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Fig.  15     American  Differential  Drive,  100  P't.  on  Centers,  Six  Ropes, 
2500  Ft.  per  Min.,  165  H.P. 


Fig.  16     American  Differential  Drive,   lUO  Ft.  on  Centers,  h>ix  Ropes, 
2500  Ft.  per  Min.,  220  H.R. 
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i.  e.,  straight  from  driver  to  driven,  and  the  difference  in  effi- 
ciency between  this  type  and  the  open  drive,  as  shown  in  Fig. 
17,  will  serve  as  a  basis  of  comparison  where  but  two  additional 
right-angle  turns  are  introduced  requiring  four  additional  idlers. 
This  test  was  run  on  approximately  100  ft.  centers  with  a  new 
rope,  the  same  rope  being  afterwards  used  in  the  testing  of  the 
various  English  drives. 

21     In  testing  the  English   drives,  that  proper  comparisons 


100 

90 

o 

C80 

<u 

(J 

i;:70 

s- 

LU 

60 
50 


v — 

r     ■- 

/lmen'qan\  Oppn  Drive 

■^ 

^       1       u             i 

\ 

I                                   111 
'Amepcan  Up  and  Over^Dn^ 

^ 

!> 

■^ 

f 

/ 

/ 

/  w< 

'rice 

T/n  L 

riv 

^SjC 

1 
WFtCen 

I 

fer. 

.-fi 

-00/ 

^ts^ 

1       rl         1- 

veed,  -  ^  Load. 

1      i      1 

3  4  5  6 

Number  Of  Ropes 


Fig.  17  Curves  showing  Difference  in  Efficiency  between  American 
Open  Drive  and  American  "Up  and  Over"  Drive  with  varying  Num- 
bers OF  Ropes 
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Fig.  18    Curve  showing  Efficiencies  at  Different  Speeds  with  English 

Open  Drive 

might  be  made,  the  ropes  were  all  cut  to  the  same  measured 
length,  and  the  splices  carefully  made,  so  that  all  ropes  might 
be  equally  tight  when  applied  to  the  sheaves.  The  movable 
tower  was  then  carefully  moved  back,  the  rope  being  run  slowly 
meanwhile  until  the  sag  in  the  rope  was  approximately  the  same 
as  in  the  American  drive  of  the  same  center  distance  in  which 
the  slack  rope  was  under  a  tension  of  180  lb.  This  is  undoubt- 
edly a  higher  tension  than  is  used  in  general  practice  on  the 
English  drive  system  with  this  size  of  rope,  and  the  capacities 
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and  efficiencies  shown  are  perhaps  higher  than  are  ordinarily 
attained  in  common  practice.  Fig.  18  gives  the  efficiencies,  when 
compared  by  speeds,  of  the  English  open  drive.      This  shows  a 
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Fig.  21     Curve  showing  Efficiencies  of  "Up  and  Over"  English  Drive 
with  Different  Numbers  of  Ropes  at  Four  Different  Speeds 


marked  decrease  in  efficiency  as  the  speed  of  the  rope  increases, 
falling  as  low  as  84.5  per  cent  at  5500  ft.  rope  speed. 

22     The  general  tendency  in  all  tests  made,  both  English  and 
American,  was  corroborative  of  this  tendency  toward  decrease 
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ill  efticieiicy  as  (lie  speed  of  (lie  r()|)e  increases.  There  was, 
however,  a  lack  of  smoothness  (o  many  of  the  ciir\es  o\vin<j;.  it 
was  thouo-ht,  to  variations  in  roi)e  tension,  and  perhaps  slight 
changes  in  the  surface  of  the  rope  due  to  climatic  changes. 
This  Avas  very  much  more  noticeable  on  the  English  than  on  the 
Ai)  erican  systems,  the  irregularitv  of  the  curve  on  the  former 
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being  alfected  by  the  fact  that  a  greater  load  was  sometimes 
attained  on  a  certain  speed  than  could  later  be  reached  on  the 
next  higher  speed.  The  results  relative  to  varying  centers  with 
six  ropes  on  the  4500  ft.  s]hhm1  are  given  in  Fig.  19,  and  Fig.  20 
gives  the  results  relative  to  nmnlier  of  ropes  with  75  ft.  centers 
and  the  8500  ft.  speed. 

23     It  w'ill  be  seen  by  reference  to  Fig.  19  that  the  efficiency 
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of  the  English  drive,  within  the  limit  of  distances  tested,  re- 
mains practically  constant  irrespective  of  center  distance; 
while  with  reference  to  number  of  ropes,  it  increases  as  does  the 
American  for  the  first  few  ropes,  and  then  remains  practically 
constant  through  the  additional  ones.  Fig.  21  gives  the  "  up 
and  over  "  English  drive  relative  to  number  of  ropes  plotted 
on  the  four  different  speeds.  This  shows  very  clearly  the 
greater  eiRciencies  of  the  slower  speeds.  The  center  distance 
on  all  the  "  up  and  over  "  drive  tests  was  approximately  100  ft. 
that  direct  comparisons  with  the  open  drives  on  the  correspond- 
ing centers  might  be  made. 

24  In  order  to  test  the  effect  of  tension  on  the  English  sys- 
tem a  comparison  was  made  by  moving  the  receiving  tower 
forward  I14  ft.  after  making  a  series  of  tests,  and  then  making 
another  corresponding  series.  When  sheaves  with  proper  Eng- 
lish pinch  grooves,  as  shown  in  Fig.  6,  were  used  there  was  no 
appreciable  difference  either  in  power  transmitted  or  in  effi- 
ciency. Greater  variations  than  li/4  ft-  in  center  distances  could 
not  be  satisfactorily  tried  because  of  the  slack  ropes  dragging 
on  the  ground. 

25  A  comparison  of  efficiency  between  the  English  open  drive 
and  the  English  "  up  and  over  "  drive  is  given  in  Fig.  22.  In 
Fig.  23  is  given  a  representative  comparison  of  the  efficiencies 
of  the  four  general  plans  of  rope  driving  on  a  center  distance  of 
100  ft.  and  a  rope  speed  of  4500  ft.  per  min. 

26  A  new  rope  was  used  on  the  American  open  drive,  an- 
other new  one  being  started  with  the  American  "  up  and  over," 
which  latter  Avas  also  used  on  both  the  English  drives.  The 
time  of  introducing  the  new  rope  is  mentioned  because  it  was 
found  that  a  new  rope  had  very  much  less  capacity,  owing  to 
its  low  coefficient  of  friction,  than  the  same  one  had  after  it  had 
run  a  short  time  in  work,  and  having  less  capacity  it  would 
usually  have  less  efficiency  also.  The  stiffness  of  the  rope  w^hen 
it  was  new  also  seemed  to  add  friction  to  the  drive  owing  to  the 
bending  action  in  passing  around  the  sheaves,  which  on  the  test 
were  only  00  in.  in  diameter.  With  larger  main  drive  wheels, 
where  the  rope  is  not  bent  to  so  small  a  radius,  the  efficiency 
would  undoubtedly  be  slightly  increased  over  the  results  here 
shown. 

27  The  capacities  of  rope  drives  are  affected  by  so  many  vari- 
ables that  no  particular  attempt  is  here  made  to  state  capacity 
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Fig.  24    Cukves  showing  Limits  of  Capacity  of  Two  Forms  of  Open  Drive 
AT  Four  Different  Speeds 
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Fig.  25     Curves  showing  Limits  of  Capacity  of  Two  Forms  of  "Up  and 
Over"  Drive  at  Four  Different  Speeds 
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other  than  in  general  figures,  obtained  as  indicated  in  the  early 
part  of  this  paper,  and  used  merely  to  have  a  uniform  method 
of  taking  the  tests.  Fig.  24,  however,  gives  a  general  idea  of 
some  limiting  capacities  obtained  in  the  open  drives,  and  Fig. 
25  some  of  those  obtained  in  the  "  up  and  over  "  drives.  These 
limiting  capacities  shown  are  in  no  sense  to  be  considered  as 
available  working  capacities,  but  merely  as  limits  reached  in 
driving  capacities,  the  general  tendency  of  the  whole  series  being 
used  to  form  a  decision,  rather  than  any  one  curve,  the  practical 
working  capacity  being  much  lower  than  the  limits  shown.  It 
is  to  be  regretted  that  the  power  available  was  not  great  enough 
to  get  the  larger  capacities  as  so  few  points  were  obtainable  on 
the  American  open  system.  Even  at  the  low  speed  of  2500  ft. 
four  ropes  could  not  be  made  to  slip  with  the  250  h.p.  available. 

28  The  irregularities  of  these  limiting  horsepower  capacities 
are  caused  by  many  variables  some  of  which  are  weather,  sur- 
face conditions  of  rope,  condition  of  rope  wheel  grooves,  etc. 
In  connection  with  the  groove  in  the  wheel  it  was  found  that  if 
a  rope  began  to  slip  in  a  groove  and  warmed  it  up  slightly  the 
coefficient  of  friction  seemed  to  decrease  very  rapidly,  and  if  a 
limiting  test  were  made  under  these  conditions  it  was  invariably 
much  lower  than  if  it  were  taken  just  before  the  rope  started 
to  slip.  As  each  test  had  to  be  taken  in  its  scheduled  order  some 
of  those  shown  were  taken  at  intervals  of  several  weeks. 

29  As  the  limiting  capacities  of  the  English  drive  are  very 
much  lower  than  the  American,  it  is  thought  the  efficiency  is 
likewise  affected,  the  friction  in  the  former  case  being  a  much 
larger  proportion  of  the  power  delivered.  And  again,  the  Eng- 
lish system  in  order  to  get  driving  power  in  the  rope,  pinches.it 
in  the  narrow  groove  requiring  considerable  force  again  to  with- 
draw it.  This  effort  being  exerted  many  times  a  minute  uses 
up  considerable  power.  The  American  system,  on  the  contrary, 
uses  a  60-deg.  groove  into  which  the  rope  lies  freely  and  with- 
draws without  effort. 

30  In  conclusion,  much  credit  is  due  Mr.  W.  H.  Tupper  who 
gave  important  aid  in  the  electrical  part  of  the  work,  and  to 
Mr.  E.  M.  Carver  who  personally  superintended  the  test  work 
and  carried  out  the  major  part  of  the  computations. 


THE  MYRIAWATT  AS  A  UNIT  OF  POWER 

'J'he  )ir()[)()s;il  of  the  iiiyriawalt,  as  a  new  unit  of  power  to  re- 
place the  boiler-horsepower,  in  a  paper  by  H.  (ir.  Stott  and  Hay- 
lett  O'Neill  before  the  annual  convention  of  the  American  In- 
stitute of  Electrical  Engineers  in  June  1912,  was  referred  to  in 
The  Journal  for  February  1913,  as  well  as  the  Society's  special 
committee  on  the  niyriaAvatt  in  joint  meeting  Avith  the  Standards 
Committee  of  the  American  Institute  of  Electrical  Engineers  (  n 
December  23,  1912,  favoring  its  adoption.  The  action  incited 
discussion  from  William  Kent  and  George  H.  Barrus,  which  was 
printed  in  The  Journal  for  May  1913,  and  in  order  to  bring 
the  question  before  the  Society  as  a  body,  an  opportunity  for 
further  discussion  was  otfered  at  the  Spring  Meeting  at  Balti- 
more, Md.,  May  20  to  23,  1913.  The  discussion  otfered  is  pre- 
sented below,  notable  among  which  is  a  staten:ent  by  Haylett 
O'Neill,  one  of  the  authors  of  the  original  paper  proposing  the 
unit. 

DISCUSSION 

Further  discussion  was  contributed  by  Geo.  H.  Barrus,  vice- 
chairman  of  the  Committee  on  Power  Tests,  in  the  form  of  ex- 
tracts from  letters  received  by  him  from  members  of  his  com- 
mittee, as  follows : 

E.  F.  Miller  says 

I  can  see  absolutely  no  reason  why  we  should  adopt  the  myriawatt.    I  think 
it  would  he  a  mistake  for  our  committee  to  recommend  that  this  unit  be  used. 
L.  p.  Breckenridge  says 

It  would  seem  to  me  unfortunate  if  we  should  adopt  a  myriawatt  which  would 
do  away  with  our  old  friend  the  horsepower.  I  am  in  accord  with  your  pre- 
sentation. 

Arthur  West  says 

I  am  decidedly  opposed  to  the  exclusive  use  of  myriawatt  as  a  measure  of 
boiler  capacity,  for  the  reason  that  boilers  are  not  employed  exclusively  as  a 
iiieans  for  producing  electricity.  When  boilers  are  used  for  other  purposes,  an 
entirely  unnecessary  and  perhaps  confusing  complication  is  infrnducod. 

Carl  Sciiwaktz.  Mr.  Kent  has  made  it  quite  clear  that  he 
disapproves  of  the  report  of  the  committee.      In  The  Journal 
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for  May  he  states,  "  The  gallon,  a  useless  unit,  is  slowly  being 
replaced  by  the  cubic  foot,  etc."  We  also  find,  "  The  horsepower 
is  here  to  stay  and  we  can  no  more  eliminate  it  than  we  can  elimi- 
nate the  gallon,  etc."  The  discovery  of  a  method  is  announced 
of  bringing  both  electrical  and  thermal  units  into  a  simple  rela- 
tion with  the  English  system,  so  Mr.  Kent  must  have  felt  that 
there  is  a  clear  demand  for  just  such  a  thing  as  the  myriawatt, 
still  he  does  not  hesitate  to  propose  a  method  he  thinks  has  un- 
deniable merits  but  which  it  is  seen  at  a  glance  can  hardly  be 
made  more  complicated. 

Mr.  Kent  objects  to  the  introduction  of  the  new  term  myria- 
watt which,  in  fact,  is  an  old  unit  with  a  new  self-explanatory 
term  and  a  new  application,  but  recommends  a  "  vim  "  system 
for  which  he  advocates  not  less  than  six  new  terms  as  follows: 
vim,  kilovim,  volt-vamp,  therm,  vamp  and  vohm.  In  addition 
to  this,  the  centigrade  thermometer  scale  is  stated  to  be  defective 
in  having  its  zero  point  at  the  freezing  point  of  water  and  this 
serious  disadvantage  is  proposed  to  be  eliminated  by  a  new  ther- 
mometer scale.  Also,  the  ammeter  is  not  satisfactory  for  this  sys- 
tem and  a  new  graduation  is  proposed  for  converting  the  ammeter 
into  a  vampmeter.  An  instrument  for  alternating-current  meas- 
urements is  not  given.  All  of  the  above  suggestions  are  made 
in  the  face  of  the  statement  that  the  average  man  cannot  think 
in  a  great  variety  of  units. 

Mr.  Kent  also  refers  to  a  recent  attack  on  the  English  system 
by  the  Bureau  of  Standards,  to  destroy  the  old  definition  of  a 
horsepower  as  550  ft-lb.  per  sec.  and  define  it  as  746  watts.  The 
horsepower  has  long  been  equal  to  746  watts  and  if  the  old  defi- 
nition of  550  ft-lb.  per  sec,  or  33,000  ft-lb.  per  min.,  was  elimi- 
nated it  would  reduce  the  great  variety  of  units  against  which 
such  strong  objection  is  raised.  The  myriawatt,  however,  is 
more  convenient  than  the  watt  or  kilowatt  because  it  can  be  re- 
served for  power  input  measurements. 

The  earlier  mechanical  engineers  can  agree  to  eliminate  the 
English  system  for  scientific  measurements  and  substitute  a  sys- 
tem of  units  based  upon  standards  in  use  on  the  European  con- 
tinent and  by  electrical  engineers,  the  better  it  will  be  because  it 
has  long  been  unfortunate  that  results  of  tests  and  calculations 
made  on  the  basis  of  different  systems  are  exceedingly  difficult 
to  compare. 

Mr.  Barrus  states  that  the  myriawatt  is  not  a  new  unit  and 
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that  it  is  ah-eiuly  international,  but  asks  why  the  watt  or  kilo- 
watt should  not  be  used  instead.  The  use  of  the  watt  or  kilo- 
watt instead  of  horsepower  would  be  a  distinct  advantage,  still 
the  use  of  a  term  strictly  applicable  to  input  measurements  seems 
more  desirable. 

Mr.  Barrus'  principal  objection  is  apparently  sentimental  and 
seems  to  rest  in  an  opposition  to  electrical  engineers  because  he 
states  that  the  output  of  a  steam  plant  is  12  per  cent  and  he  does 
not  want  the  tail  end  to  control  power  plants  in  general.  It 
would  be  well  for  Mr.  Barrus  not  to  forget  that  the  "  tail  end  " 
has  an  efficiency  of  between  97  and  95  per  cent  as  compared  with 
say  15  per  cent  of  the  head  end  and  that  the  development  of  the 
electrical  part  has  been  materially  assisted  by  highly  efficient 
methods  of  measurement  and  calculation. 

It  is  hoped  that  a  full  discussion  of  the  subject  will  place  be- 
fore the  membership  clearly  all  reasons  for  the  use  of  the  myria- 
watt  instead  of  the  boiler-horsepower  and  similar  units  like  the 
"  evaporation  of  one  pound  of  water  evaporated  into  dry  steam 
from  and  at  212  deg.  per  hour." 

The  use  of  the  myriawatt,  a  unit  based  on  the  C.  G.  S.  system, 
will  give  us  one  distinct  sj^stem  of  units  for  all  parts  of  the 
power  plant  from  the  coal  pile  to  the  bus  bars  and  make  all  cal- 
culations understood  internationalh^  For  scientific  calculations, 
the  English  system  is  obsolete  today  and  is  discarded  by  scien- 
tists, chemists  and  electrical  engineers,  and  it  should  be  borne  in 
mind  that  this  matter  has  no  bearing  on  the  question  of  the  rela- 
tive merits  and  demerits  of  the  metric  system  as  a  unit  of  prac- 
tical measurement  in  manufacture. 

Henry  Hess.  A  great  deal  has  been  written  and  a  great  deal 
has  been  said  which  is  altogether  foreign  to  the  question  at  issue. 
About  everything  that  has  been  said  for  and  against  the  myria- 
watt applies  with  equal  force  for  and  against  the  watt.  The 
watt  is,  however,  not  a  unit  that  requires  any  defense.  It  has 
been  in  existence,  adopted  and  used  for  many  years.  The  myria- 
watt is  nothing  but  a  convenient  collective  noun ;  it  means  simply 
so  many  watts.  The  myriawatt  is  a  matter  of  convenience;  ab- 
solutely no  matters  of  boiler-horsepower,  etc.,  have  anything  to 
do  with  the  question.  The  whole  matter  boils  down  to  the  one 
simple  thing,  do  you  wish  to  use  a  single  unit  which  is  a  multiple 
of  one  already  in  general  use  and  acknowledged  by  the  objectors 
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to  the  luyriawatt,  or  do  you  prefer  to  contiiiue  to  express  your- 
self in  the  smaller  unit  watt  and  its  present  multiple,  the  kilo- 
watt? I  Avent  to  Germany  a  number  of  years  ago  to  build  a 
plant  there  and  I  took  with  me  a  great  many  draAvings  of  ma- 
chine tools,  Avhich  Avere  there  redimensioned  in  the  metrical  sys- 
tem. I  happened  to  haAe  a  problem  one  day  that  invoh'ed  one 
of  our  American  units  and  turned  the  calculation  OA'er  to  a 
draftsman.  This  problem  involved  length,  area  and  A^olume. 
The  result  turned  in  did  not  Avork  right  and  Avas  turned  back 
with  instructions  to  let  five  men  calculate  indeiiendently.  All 
five  agreed  as  to  the  figures,  but  only  tAvo  agreed  as  to  the  loca- 
tion of  the  decimal  point.  1  insisted  on  the  use  of  American 
units  Avithout  any  conversion  to  the  metrical  system.  I  ob- 
tained four  alike  and  correct,  and  one  Avrong,  but  Avith  Avrong 
figures.  The  n  en  Avere  simply  confused  through  the  large  num- 
ber of  ciphers.  Eeasoning  from  that  experience,  anything  Avhat- 
soever  Avhich  cuts  doAvn  the  number  of  ciphers  by  using  larger 
units  Avill  result  in  clarification  and  greater  certainty  through 
easier  mental  conception. 

EiciiARD  ri.  Rice.  At  present  in  testing  steam  turbines  Ave 
use  on  the  electrical  end  certain  instruments  based  on  the  C.  G.  S. 
system,  nnd  on  the  steam  end  Ave  use  an  entirely  different  set 
based  (;n  the  fahrenheit-pound-second  system.  If  Ave  adopt  the 
myriaAvatt  Ave  can  use  instruments  on  both  ends  of  the  apparatus 
based  on  the  same  system,  Avhich  seen  s  very  desirable. 

O.  P.  IIooD.  The  acceptance  of  the  myriawatt  is  but  a  part  of 
the  nuiin  (juestion,  are  the  mechanical  engineers  ready  at  this 
time  to  step  over  to  the  C.  G.  S.  system? 

To  begin  such  a  change  by  accepting  a  substitute  for  the  boiler- 
horse]:>oAver  Avould  seem  to  me  a  mistake.  We  ought  to  face  the 
general  problem  and  step  OA^er  bodily  with  all  our  units  or  leave 
the  matter  alone. 

CrrARLES  E.  Lucke.  I  am  decidedly  opposed  to  the  exclusive 
use  cf  myriaAvatt  as  a  measure  of  boiler  capacity  for  the  reason 
that  boilers  are  not  used  exclusively  as  a  means  of  producing 
powei-  foi-  electi'icity,  and  fui'tluM'  beciiuse  more  confusion  thiin 
gain  Avill  i-esult  from  such  a  change. 

IIavlett    O'Neill.^     The    authors    are    greatly    indebted    to 
'  Assistant  Engineer  Interborough  Rapid  Transit  Co.,  New  York- 
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Messrs.  Kt'iil  and  Uarriis  I'di-  (licii-  disciissioii  of  the  iiiiil,  niyria- 
walt,  l)u(  an  analysis  of  llicir  ariiiiiuents  reveals  the  fact  that 
neither  of  them  comprehends  the  real  intentions  of  the  authors 
in  proposing  this  unit. 

Mr.  Kent  attacks  it  because  it  is  new,  while  Mr.  liarrus  pro- 
tests that  it  is  not  a  new  unit.  If  Mr.  Kent  objects  to  a  single 
new  unit,  or  rather  to  the  substitution  of  a  rational  for  an  irra- 
ional  unit,  why  does  he  thrust  upon  engineers  a  whole  system 
of  new  and  complicated  terms? 

Objection  is  made  to  the  kilowatt,  or  its  multiple,  on  the 
ground  that  it  is  not  derived  from  fundamental  units,  as  is  the 
horsepower.  Superficially,  this  would  seem  like  a  real  argument 
especially  when  Ave  think  of  belted  generators,  and  all  kinds  of 
mechanical  transmission  in  vogue  before  the  advent  of  the  elec- 
tric generator  and  motor.  But  in  these  days,  the  call  is  for 
direct-connected  prime-movers  and  auxiliaries. 

The  best  steam-engine  indicator  gives  only  an  approximation 
of  the  power  delivered  by  an  engine,  while  there  is  nothing  to 
take  its  place  on  the  steam  turbine.  Even  the  brake  method  of 
power  determination  is  usually  inaccurate,  and  is  100  per  cent 
wasteful.  On  the  other  hand,  with  the  electrical  method  of 
testing,  all  the  energy  developed  ma}^  usuallj^  be  utilized,  and 
the  most  accurate  possible  determinations  are  made.  With  most 
direct-connected  units,  it  is  impossible  to  separate  the  mechan- 
ical from  the  electrical  power,  and  with  machines  where  this  can 
be  done,  the  best  way  of  testing  in  practically  every  case  is  the 
electrical  n  ethod.  Thus  for  a  long  time  to  the  majority  of  engi- 
neers a  unit  founded  on  the  Avatt  ap})eared  to  possess  remark- 
able advantages  over  the  horsepower  as  a  unit  for  power  meas- 
urement. Besides,  the  watt  or  kilowatt  is  used  everyAvhere. 
There  is  only  one  kiloAvatt  and  every  engineer  in  the  universe 
knoAvs  Avhat  the  Avord  means.  But  Avhen  one  mentions  the  Avord 
horsepoAver,  who  knoAvs  AA^hether  he  means  boiler-horsepower, 
indicated-horsepoAver,  brake-horsepower,  heater-horsepower, 
economizer-horsepower,  electrical-horsepoAver,  or  continental- 
horsepoAver  ? 

It  is  stated  that  mechanical  engineers  think  in  horsepoAver  and 
find  the  term  in  all  their  reference  books;  but  this  is  true  only  of 
p]nglish  speaking  iieople,  and  English  and  American  refer- 
ence   books.      Even    th(iui2:h    Mr.    Barrus    aA*ers    that    the    con- 
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version  of  units  from  one  system  to  that  of  a  foreign  coun- 
try involves  only  easy  mental  arithmetic,  it  is  a  sure  gamljle 
that  to  do  so,  most  engineers  would  have  to  consume  an  abnor- 
mally large  quantity  of  mental  energy.  When  we  have  an  in- 
ternational unit  in  use  which  could  be  universally  applied  every 
day,  why  do  we  still  burden  ourselves  with  a  term  of  only  local 
use  and  meaning? 

The  myriawatt  was  proposed  principally  for  three  ends: 

a    To  substitute  a  unit  founded  on  the  C.  G.  S.  system  for 
a  local  unit,  the  boiler-horsepower,  without  effecting 
any  radical  changes  in  rating  of  energy  converters. 
h     To  supply  a  term  which  would  connote  power  quan- 
tities on  the  input  side  of  prime-movers,  based  on  the 
same  system  as  that  of  the  accepted  unit  of  out}Mit. 
c     To  form  a  wedge  for  driving  home  the  metric  system 
of  measurements. 
Nearly  all  admit  that  the  term  boiler-horsepower  is  bad.    Some 
suggest  that  tlie  kilowatt  might  serve  the  same  purpose  as  the 
myriawatt.     This  would  almost  be  admitted  were  it  not  for  the 
fact  that  the  term  kilowatt  as  used  in  connection  with  a  power 
plant  has  become  almost  inseparable  from  the  output.      Besides 
it  requires  no  real  effort  to  think  of  a  600  boiler-horsepower 
boiler  as  a  600  myriawatt  boiler,  while  it  requires  much  imagina- 
ti(m  of  the  average  man  to  rerate  a  600-horsepower  boiler  as  a 
6000-kilowatt  boiler.      The  myriawatt  will  in  time  connote  the 
power  on  the  input  side  of  prime-movers,  just  as  the  kilowatt 
now  universally  suggests  output. 

Although  in  the  paper  on  the  myriawatt  all  terms  were  re- 
duced to  B.t.u.,  this  was  done  only  for  the  convenieiice 
of  users  of  the  local  British  system,  the  ultimate  aim  of  the 
authors  being  to  open  the  door  to  the  universal  use  of  the  metric 
system.  The  fact  that  the  British  thermal  system  is  tied  to  the 
factor  "  32  deg.  above  0  deg  "  is  enough  to  condemn  it  as  com- 
plex. Who  is  there  who  has  not  at  one  time  or  another  omitted 
or  inserted  the  factor  32  in  the  wrong  place  with  sad  results? 

Objection  is  made  to  the  prefix  "  myria  "  that  it  does  not  con- 
vey a  definite  quantitative  meaning.  But  if  every  grammar 
school  graduate  has  been  taught  the  relationship  of  the  "  myria 
gi-am  "  to  the  "  gram,"  and  of  the  myria  meter "  to  the 
"meter,"  would  it  not  be  surprising  if  the  engineer  with  all  his 
training  could  not  apply  the  easy  anahigy  to  the  "  watt"? 
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Were  it  not  for  the  inevitable  confusion  in  terms,  it  might  be 
as  well  to  rerate  the  boiler-horsepower  as  being  equal  to  34,150 
B.t.u.  per  hour  instead  of  33,479  B.t.u.  per  hour.  The  prefix 
"  myria  "  was  thought  to  convey  most  clearly  the  relative  quan- 
^tity  meant,  while  the  "  Avatt,"  named  after  the  pioneer  practical 
boiler-room  engineer,  will  bring  the  mechanical  department 
into  harmony  with  the  universal  system  of  measurements. 

The  only  real  argument  against  the  myriawatt  is  its  newness. 
But  its  great  benefit  will  be  the  linking  of  the  mechanical  with 
the  electrical,  and  the  internationalizing  of  our  electrical  and 
mechanical  units. 

H.  G.  Stott.  Messrs.  Kent  and  Barrus  have  criticized  this 
recoujmendation  very  severely,  and  in  doing  so  the}^  have  adver- 
tised the  proposed  change  a  great  deal  better  than  I  could  have 
done.  The  object  of  the  myriawatt  is  to  do  away  with  the 
anomalous  position  which  we  now  have  in  regard  to  the  use  of 
the  term  horsepower.  If  I  should  put  the  question,  what  is 
horsepoAver,  to  a  body  of  engineers  there  would  probably  be  at 
least  five  different  answers.  The  man  interested  in  economizers 
would  tell  me  one  thing  as  to  horsepower;  the  man  interested  in 
boilers  would  tell  me  in  square  feet;  the  man  interested  in  re- 
ciprocating engines  would  tell  me  it  is  the  indicated  horsepower; 
the  man  interested  in  other  apparatus  might  speak  of  brake- 
horsepower,  while  the  man  interested  in  steam  turbines  would 
say  "  I  don't  know  because  there  is  no  way  of  measuring  it." 
The  units  have  become  so  large  they  are  almost  invariably 
coupled  to  centrifugal  pumps,  blowing  apparatus  or  electric 
generators.  There  is  no  w^ay  to  separate  the  electrical  or  power 
output  of  the  unit  and  the  input,  so  that  horsepower  has  ceased 
to  have  any  meaning  so  far  as  the  large  producer  of  prime- 
movers  is  concerned.  The  steam  turbine  today  is  the  type  of 
unit  which  is  being  adopted  for  all  purposes,  marine,  through 
gears,  electrical  generation,  and  for  almost  every  purpose,  be- 
cause it  seems  to  be  much  simpler  and  also  because  it  involves  a 
much  lower  initial  cost. 

Mr.  Kent  says  that  the  mechanical  engineer  thinks  in  horse- 
power. Just  what  is  horsepower  ?  I  have  tried  to  find  out,  and 
there  are  at  least  half  a  dozen  different  kinds.  I  don't  know 
which  one  you  mean,  when  you  say  horsepower. 

He  also  refers,  I  think  through  a  mistake,  to  the  definition  of 
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the  iim'iawatt,  Avhich  is  the  same  thing  as  saying  that  the  myria- 
watt  is  10,000  times  the  Avatt.  It  is  not  an  electrical  unit,  but 
a  dynamical  unit.  It  is  a  non-gravitational  unit  and  therefore 
independent  of  the  weights  or  position  on  the  earth  in  which  the 
measuren:ent  is  taken.  It  is  equal  to  the  acceleration  produced 
by  force  equal  to  one  erg  up(jn  a  mass  of  one  gram  having  a  uni- 
fcrm  velocity  of  one  centimeter  per  second.  There  is  absolutely 
nothing  electrical  about  that,  so  that  the  evident  objection  which 
both  Mr.  Kent  and  Mr.  Barrus  make,  that  we  are  trying  to  intro- 
duce an  electrical  unit  into  mechanical  engineering,  is  wiped  out 
because  the  fundauiental  definition  of  today  is  ten  to  the  power 
of  seven  C.  G.  S.  dynamical  unit. 

This  system  has  been  adopted  ofHcially  by  22  governments, 
that  is,  practically  every  civilized  government  of  the  world  has 
adopted  the  C.  G.  S.  system  officially  and  it  is  legalized  in  all 
those  22  countries.  In  comparing  the  results  obtained,  for  ex- 
ample, by  a  power  station  ha\  ing  turbines  with  those  obtained 
in  Europe,  it  has  been  my  misfortune  at  various  times  to  have 
to  turn  kilograms  and  calories  into  B.t.u,  and  finally  to  resolve 
the  whole  thing  into  pounds  of  steam  per  kilowatt-hour.  We 
cannot  say  per  horsepower,  and  we  are  practically  forced  to  use 
the  kilowatt  or  some  multiple  of  the  watt  as  a  unit  of  power. 
It  is  a  very  happy  thing  because  it  will  advance  the  international- 
ization of  our  system  of  units  and  make  them  con' parable  with 
the  results  obtained  in  Europe. 

A  number  of  other  objections  have  been  raised:  iSlr.  Kent 
says  the  authors  have  taken  up  this  old  and  discredited  unit.  I 
take  issue  immediately  with  the  author  of  this  article  by  saying 
that  the  boiler-horsepower  is  not  an  vAd  and  discredited  unit.  I 
wonder  how  many  boiler  tests  are  worked  out  today  without 
referring  to  it.  I  personally  have  never  seen  any.  It  ma}"  be 
discredited  in  his  mind  but  it  is  not  discredited  in  practice.  It 
so  happens  that  the  myriawatt.  which  is  simply  10,000  watts,  is 
almost  exactly  equal  to  a  boiler-hci'sepower.  there  being  just  2 
per  cent  difference,  and  this  nominal  change  would  have  no  in- 
fluence upon  actual  practice.  The  rating  of  boilers  as  to 
whether  it  is  2  per  cent  })lus  or  miiius  is  negligible  for  we  all 
know  a  boiler  is  not  driven  at  rated  horsepower.  We  then  have 
to  consider  the  method  of  comparing  it  directly  with  the  output 
on  the  switchboard  or  in  whatever  shape  it  may  be,  as  the  watt 
being  a  dynamical  unit  can  be  considered.      Another  considera- 
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tioii  was  that  the  axeragc  thermal  ellicieiicy  of  the  ordinary 
plant  today  is  about  10  per  cent,  that  is  to  say,  take  the  thermal 
input  in  units  of  ten  and  you  usually  come  out  with  about  one 
at  your  switchboard,  so  that  one  myriawatt  input  in  the  boiler 
would  represent  about  one  kilowatt  on  the  switchboard,  some 
plants  doing  as  well  as  12  or  possibly  13  or  14  per  cent  efficiency. 

Mr.  Kent  gives  a  definition  of  the  gram  as  one  which  involves 
the  question  of  gravity.  I  particularly  pointed  out  that  mass 
has  absolutely  nothing  to  do  with  gravity :  it  is  a  non-gravita- 
tional unit.  The  criticism,  therefore,  does  not  apply.  Mr. 
Kent,  by  objecting  to  the  introduction  of  a  new  unit  and  recom- 
mending six  new  units,  has  himself  very  effectually  answered 
his  own  criticisms. 

Mr.  Barrus  criticizes  the  use  of  a  new  unit  of  powder  and  after- 
wards corrects  himself  by  saying  it  is  simply  a  new  multiple. 
He  refers  particularly  to  the  British  thermal  unit  as  the  only 
absolute  standard  countenanced.  That  is  not  so.  I  believe  the 
next  step  will  be  the  introduction  of  the  centigrade  thermometer 
scale.  We  are  all  familiar  with  the  difficulties,  especially  the 
younger  men,  which  have  been  encountered  in  the  use  of  the  32- 
deg.  freezing  point.  There  is  always  a  plus  or  minus  position 
there  which  might  lead  to  errors  in  calculation;  and  by  having 
the  freezing  point  zero,  instead  of  32,  we  avoid  that.  The  centi- 
meter gram  second  system  is  in  use  today  in  the  United  States. 
Every  chemist  uses  it.  When  we  send  in  a  sample  of  coal  to 
him  for  analysis,  he  uses  grams  and  brings  out  the  results  in 
calories  and  then  converts  back  to  B.t.u.  All  that  could  be 
avoided  by  the  introduction  of  the  centigrade  scale,  which  is 
today  exclusively  used  in  electrical  measurements,  in  chemical 
and  electro-chemical  and  metallurgical  work,  so  that  it  is  no 
great  step  to  introduce  the  centigrade  schedule  into  steam  boiler 
or  thermo-dynamic  calculations. 

What  would  Mr.  Barrus  measure  the  power  of  a  turbine  of 
25,000  or  30,000-kw.  capacity?  Would  he  put  a  brake  on  it? 
He  cannot  separate  the  mechanical  and  electrical ;  he  must  meas- 
ure the  electrical  output.  All  garantees  of  the  turbine  unit 
are  given  in  terms  of  the  output  on  that  unit  because  there  is 
no  other  Avay  of  measuring  it  without  wasting  an  enormous 
amount  of  power.  This,  therefore,  is  another  reason  for  adopt- 
ing the  proposed  change. 


THE   PRESENT   CONDITION   OF  THE   PATENT 

LAW 

INCLUDING  EECENT  AND  PENDING  DECISIONS  OF 

THE  SUPREME  COURT  OF  THE  UNITED  STATES 

AND  PROPOSED  PATENT  LEGISLATION 

By  Edwin  J.  Prindle,  Published  in  The  Journal  for  April 
ABSTRACT  OF  PAPER 
The  decision  of  the  Supreme  Court  in  the  Mimeograph  case,  sustaining 
the  right  of  the  patentee  to  require  the  purchaser  of  the  machine  to  buy 
of  the  patentee  inlv  and  paper  for  use  on  it,  has  resulted  in  the  introduc- 
tion of  a  large  number  of  bills  in  Congress,  with  a  view  to  cutting  down 
the  patentee's  monopoly.  This  paper  explains  the  Mimeograph  decision 
and,  incidentally,  the  general  nature  of  a  patent  and  the  monopoly  which 
it  grants,  and  explains  the  Bath  Tub  case  recently  decided  by  the  Supreme 
Court;  the  price-restriction  case  of  Bauer  vs.  O'Donnell,  now  before  that 
Court  for  decision ;  the  relation  of  the  patent  law  to  the  Sherman  act ; 
and  the  general  nature  of  the  proposed  legislation  and  its  effect  on  the 
patent  law,  and  upon  manufacturers  and  inventors. 

DISCUSSION 

J.  NoTA  McGiLL.^  Mr.  Prindle's  paper  should  awaken  the 
members  of  the  Society  to  a  realization  of  the  necessity  for  vigor- 
ous protest  against  the  enactment  of  dangerous  legislation  aimed 
at  the  fundamentals  of  our  patent  system,  and  which,  if  enacted, 
will  be  a  fatal  step  backward  and  tend  seriously  to  impair  that 
set  of  laws  which  has  done  more  for  manldnd  physically,  socially 
and  financially,  than  any  laws  on  our  statute  books. 

The  growth  of  that  system  has  been  co-extensive  with  the 
growth  of  our  country;  it  can  truthfully  be  asserted  that  to  the 
growth  of  the  inventive  genius  of  our  people  is  due  America's 
great  progress.  The  increase  in  population  in  practically  the 
last  60  years  of  the  19th  century  was  about  .530  per  cent;  the  in- 
crease in  patents  about  6400  per  cent.  At  the  beginning  of  the 
19th  century  the  world  knew  nothing  of  telegraphy,  telephony, 

^  Secretary,  Patent,  Trademark  and  Copyright  Section,  American  Bar  Asso- 
ciation, Washington,  D.  C. 
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.slcuui  na\  igatioii,  or  tlie  myriads  of  labor-saving  devices,  the  in- 
troduction of  which  has  revolutionized  the  social,  financial  and 
connnercial  world.  At  that  time  agricultural  products  consti- 
tuted our  export  trade.  Manufactured  products  were  nearly  all 
imported,  as  it  had  been  P^ngland's  policy  to  suppress  all  indus- 
tries of  this  kind  in  the  colonies. 

The  American  inventor  could,  with  justification,  claim  much 
at  the  hands  of  his  country ;  he  asks  only  for  fair  treatment.  In 
the  grant  of  patents  for  inventions  there  is  no  undue  advantage 
bestowed  upon  any  man;  the  inventor  is  given  the  right,  for  a 
limited  time,  to  exclude  others  from  practising  his  invention,  on 
the  condition  and  with  the  express  understanding  that  he  shall 
disclose  and  make  known  to  the  world  what  he  has  produced, 
so  that  at  the  expiration  of  that  limited  period  the  public  may 
be  free  to  use  his  invention  without  payment  of  tribute. 

Until  a  few  short  months  ago  no  serious  complaint  was  heard 
against  our  patent  system.  Then  suddenly  came  the  proposed 
amendments.  If  we  look  for  a  cause  it  is  difficult  to  find,  unless 
it  be  the  methods  adopted  by  the  Shoe  Machinery  Trust.  But 
even  granting  that  their  methods  were  the  cause,  it  is  a  safe  as- 
sumption that  had  there  been  no  dissenting  opinion  in  the  Dick 
case  we  would  not  today  be  confronted  with  menacing  legisla- 
tion. There  has  been  no  public  clamor  for  a  change.  The  pro- 
nouncement in  the  Dick  case  involved  no  new  proposition  of  law. 
The  decision  in  the  Button  Fastener  case  was  rendered  in  1896, 
and  for  16  years  thereafter  (nearly  the  lifetime  of  a  patent)  the 
commercial  world  accepted  the  doctrine  of  that  case  practically 
without  question,  and  the  public  suffered  no  hardships.  The 
public  are  not  required  to  take  what  the  patentee  offers  if  his 
terms  are  imreasonaljle.  If  they  subscribe  to  the  conditions  im- 
posed it  is  but  a  tribute  to  the  value  of  the  invention.  If,  on  the 
other  hand,  they  are  not  accepted,  the  public  are  deprived  of 
nothing  to  which  they  had  any  legal  or  moral  right.  The  pat- 
entee is  alone  the  sufferer  if  in  consequence  of  his  attitude  he  is 
without  a  market,  and  this  fact  alone  precludes  him  from  ever 
imposing  unreasonalile  demands.  The  American  public  can  be 
depended  upon  neither  to  require  nor  to  accept  unfair  conditions 
in  affairs  of  business. 

The  other  radical  change  now  advocated  (compulsory  licenses) 
is  even  more  dangerous  and  less  justifial)le  than  the  curtailment 
of  the  risht  to  dictate  the  terms  of  use  and  sale. 
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It  has  been  said  that  the  patent  privilege  "  encourages  the  in- 
ventor to  bring  his  invention  to  the  highest  possible  condition  of 
practical  utility  by  inventing  improvements  <  n  it  constantly,  in 
order  to  keep  pace  with  the  public  wants  and  to  control  the  trade 
from  which  his  compensation  is  derived."  But  this  stimulus  to 
improve  will  no  longer  exist  if  the  patentee  is  to  be  penalized  be- 
cause of  the  improvement. 

Mr.  Edison  stated  to  the  committee  of  the  House  that  while  he 
had  heard  and  read  numerous  statements  that  many  corporations 
buy  valuable  inventions  to  suppress  them,  he  did  not  know  of  a 
single  specific  case  of  suppression.  When  Mr.  Fish  asked  the 
committee  if  during  the  hearings  or  at  any  time  there  had  been 
brought  to  the  attenticm  of  the  committee  a  single  specific  case  of 
suppression,  he  was  told  that  one  man  had  stated  instances  where 
his  own  inventions  had  been  suppressed.  Considering  the  fact 
that  over  a  million  patents  have  been  granted  in  this  country,  the 
complaint  of  a  single  or  even  a  hundred  or  more  persons  is  prac- 
tically negligible. 

It  is  unreasonable  to  assume  that  the  American  manufacturer 
would  for  a  moment  refrain  from  placing  on  the  market  an  in- 
vention that  would  insure  a  fair  return  on  the  investment. 
American  capital  has  never  been  known  to  indidge  in  such  pas- 
time as  is  suggested  by  a  handful  of  persons  demanding  privil- 
eges which  the  law  has  always  reserved  to  the  inventor  and  those 
claiming  under  him. 

Once  suffer  such  an  amendment  to  be  made,  and  a  serious  blow 
will  be  struck  the  inventors  of  our  country.  Capital,  ever  ap- 
prehensive, will  hesitate  to  accept  the  risk  entailed ;  the  inventor 
will  find  it  more  difficult  to  secure  support;  and  progress  Avill  be 
arrested  if  the  cost  of  adopting  an  improvement  may  mean  an 
advantage  to  competitors,  royalty  or  no  royalty. 

Action  and  untiring  action  alone  will  avert  the  impending 
dangers  pointed  out  by  Mr.  Prindle.  Concede  to  the  members 
of  the  committee  of  the  House  the  best  motives,  they  are  not  ac- 
tuated by  any  desire  other  than  to  discharge  their  duties  hon- 
estly and  faithfully.  It  is  within  the  power  of  the  members  of 
this  Society  interested  in  maintaining  the  integrity  of  our  patent 
system  to  impress  upon  every  member  of  Congress  that  the  pro- 
posed changes  are  not  desirable,  but  on  the  contrary'  will  prove 
a  decided  menace. 


The  author  did  uot  desire  to  i)reseiit  a  closure. — Eihtor. 


COST  OF  UPKEEP  OF  HORSE-DRAWN  VEHICLES 
AGAINST  ELECTRIC  VEHICLES 

By  W.  R.  Metz,  Published  in  The  Journal  for  April 
ABSTRACT  OF  PAPER 

A  great  deal  has  been  written  on  the  subject  of  motor  trucks  versus  horse- 
drawn  vehicles,  but  it  appears  to  be  extremely  difficult  to  obtain  exact  figures, 
as  most  firms  regard  the  item  of  hauling  as  an  overhead  expense  not  worthy  of 
the  minute  examination  given  to  the  other  departments. 

The  motor-driven  vehicle  is  unquestionably  cheaper  to  operate  than  is  the 
horse-drawn  vehicle  where  a  number  of  vehicles  are  used,  and,  in  the  opinion 
of  the  writer,  the  only  question  to  be  determined  is  the  advisability  of  using 
electric  or  gasolene-driven  machines.  From  figures  on  hand,  it  appears  that  the 
cost  of  upkeep  of  the  gasolene-driven  machines  is  about  double  per  mile  that  of 
the  electric-driven  machines  (not  including  driver's  or  helper's  wages),  but,  on 
the  other  hand,  the  gasolene-driven  machines  have  a  much  larger  radius  of 
operation  and,  in  certain  cases,  this  would  more  than  offset  the  cheaper  upkeep 
expense  of  the  electric-driven  machine. 

As  a  general  proposition,  it  appears  that  the  electric-driven  machine  is  better 
for  city  service  where  the  streets  are  in  fairly  good  condition,  and  that  the  gaso- 
lene-driven machine  is  better  for  long  hauls  over  rough  roads  and  in  the  open 
country,  mainly  on  account  of  the  abiUty  to  obtain  gasolene  and  water,  and  the 
chances  of  making  greater  speed. 

DISCUSSION 

H.  H.  Smith. ^  Scientific  cost  keeping  is  unfortunately  a  very 
modern  practice,  and  we  who  must  displace  outworn  institu- 
tions with  new  and  better  ones  are  at  a  disadvantage  because 
there  is  nothing  tangible  available  concerning  the  old. 

The  saving  effected  by  the  substitution  of  power  trucks  in  the 
case  cited  by  Mr.  Metz  is  surprising,  as  it  is  not  unusual  for  the 
cost  of  operation  during  the  first  year  to  be  reduced  very  little. 
Usually  this  is  because  the  delivery  routes  and  system  have  not 
been  altered  where  nece-ssarj^  to  fit  the  new  conditions.  Obvi- 
ously if  an  electric  truck  is  given  the  w^ork  of  a  horse  truck  on 

1  Edison  Storage  Battery  Co.,  Orange,  N.  J. 
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the  horse-truck  schedule,  the  cost  per  delivery  will  be  much 
higher  because  the  advantages  of  the  motor-driven  vehicle  will 
not  ha>  e  been  j^roperly  utilized.  The  case  under  discussion  indi- 
cates Avhat  may  be  accomplished  by  careful  study  and  rearrange- 
ment. 

Another  point  brought  out  in  the  paper  which  confirms  other 
investigations  along  the  same  lines  is  the  insignificance  of  the 
cost  of  energy  in  the  operation  of  electric  vehicles.  It  seems  to 
run  generally  between  6  and  10  per  cent  of  the  total  cost.  Re- 
pairs and  depreciation  usually  constitute  a  greater  item  of  ex- 
pense, while  the  cost  of  labor  ranges  from  40  or  50  per  cent  up. 
These  relations  should  be  carefully  borne  in  mind  when  the  pur- 
chase of  trucks  is  under  consideration. 

It  is  an  interesting  fact,  brought  out  more  clearly  in  other  in- 
vestigations, that  the  advantage  of  the  electric  wagon  over  the 
horse  wagon  increases  with  the  distance  of  the  delivery  zone  from 
the  starting  point  in  light  parcel  delivery,  and  with  the  weight 
of  the  load  in  work  near  the  point  of  distribution.  It  is  even 
recorded  that  the  horse  may  be  of  slightly  less  cost  in  congested 
territory  where  the  radius  of  action  is  small  and  the  number  of 
stops  large. 

It  is  stated  in  the  abstract  of  the  paper  that  possibly  the  gaso- 
lene truck  meets  with  favor  in  certain  classes  of  service  because 
of  the  ease  with  which  fuel  may  l^e  obtained.  This  may  be  true 
today,  but  it  will  be  a  matter  of  only  a  very  short  time  when 
power  companies  will  have  boosting  stations  in  as  large  numbers 
as  could  be  desired  and  there  will  also  be  garages  with  boosting 
facilities  when  the  demand  is  present.  If  careful  study  is  given 
to  the  transportation  problem,  however,  boosting  will  not  be  re- 
quired in  commercial  service  except  where  it  has  been  specifically 
allowed  for  in  the  design  of  the  vehicle. 

A.  M.  Pearson.^  The  principal  feature  which  Mr.  Metz's  paper 
indicates  is  the  fact  that  the  horse  is  a  thing  of  the  past.  It  does 
not  take  a  long  stretch  of  imagination  to  see  why  this  is  so  when 
you  take  into  consideration  that  the  volume  of  business  of  this 
country  has  increased  about  165  per  cent  in  the  last  ten  years, 
and  that  the  number  of  horses  and  mules  has  only  increased  about 
10  per  cent;  therefore,  the  only  means  by  which  this  increased 
business,  which  means  increased  distance,  as  well  as  increased 

1  Tho  Lncnmobilo  Company  of  America,  2314  Market  St.,  Philadelphia,  Pa. 
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volume  could  be  overcome,  was  to  substitute  a  mechanical  method 
of  transportation  for  a  physical  method.  But  there  are  still 
many  serious  problems  facing  truck  manufacturers  and  truck  dis- 
tributors, the  largest  one  of  which  is  the  one  called  the  customers' 
problem ;  that  is,  methods  by  which  the  short  haul  and  the  facili- 
tating of  loading  and  unloading  of  merchandise,  and  the  increase 
of  the  efficiency  of  a  single  unit  in  the  form  of  a  truck  may  be 
accomplished. 

There  are  still  many  things  to  be  desired.  For  instance,  the 
company  that  I  represent  makes  a  truck  with  an  engine  which 
has  a  capacity  of  45  h.p.  It  is  obvious  that  there  should  never 
be  a  state  of  affairs  where  a  truck  with  such  an  engine  would 
stand  idle  while  six  or  eight  men  load  it.  The  power  of  this  en- 
gine should  be  utilized  in  every  instance  for  loading  and  unload- 
ing, and  all  the  concomitant  features  of  transportation  to  bring 
into  existence  the  full  efficiency  of  a  motor  vehicle. 

We  know  how  to  build  a  chassis;  we  know  how  to  build  engines, 
both  electric  and  gasolene ;  but  there  are  many  other  things  which 
are  directly  in  line  with  the  craft  which  this  Society  represents 
that  are  badly  needed  and  clearly  indicated.  For  instance,  we 
need  folding  boxes,  and  we  need  them  very  badly.  There  have 
been  many  folding  boxes  placed  on  the  market,  but  there  seems 
to  be  some  wealaiess  in  the  hinges,  which  prevents  the  article 
from  being  a  practical  part  of  transportation. 

We  need  different  types  of  dumping  bodies  from  those  that  are 
now  offered  to  the  pul)lic  by  body  makers.  Too  many  people  are 
trying  merely  to  place  a  truck  instead  of  so  many  horses,  and 
too  many  body  builders  are  offering  us  the  same  conditions  as 
we  had  with  horse  wagons.  What  we  need  are  bodies  that  are 
made  and  adapted  especially  for  motor  vehicles.  We  need  differ- 
ent power  appliance;  we  need  a  satisfactory  winch  for  a  truck; 
we  need  a  satisfactory  crane  for  a  truck,  and  in  all  these  appli- 
ances we  need  a  condition  whereby  the  number  of  men  necessary 
to  operate  them  is  reduced  to  the  minimum. 

L.  H.  Flanders.^  The  general  agreement  in  results  and  con- 
clusions of  the  paper  with  the  reports  of  the  electrical  engineer- 
ing department  of  the  Massachusetts  Institute  of  Technology  in 
its  exhaustive  investigations  of  The  Economical  Transportation 
of  Merchandise  in  Metropolitan  Districts,  is  observed. 

'  The  Electric  Storage  Battery  Co.,  Philadelphia,  Pa. 
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In  the  last  report,  Vehicle  Kesearch  Bulletin  No.  ii,  presented 
last  March  before  the  Electric  Vehicle  Association,  Messrs.  Pen- 
der and  Thompson  show  how  important  is  the  study  of  service 
requirements,  in  securing  a  proper  selection  of  the  size  and  type 
of  vehicle  to  give  a  resultant  minimum  cost.  xVmong  the  figures 
they  present  the  time  the  wheels  are  in  motion  to  the  time  the 
vehicle  is  in  service,  i.e.,  the  mileage  factor,  is  most  impressive. 

Referring  to  Mr.  Metz's  paper.  Table  13,  the  average  mileage 
per  day  runs  from  20  to  24  for  the  electrical  vehicles  at  a  cost 
of  from  33.8  to  36.1  cents  per  mile,  of  which  roughly  two-thirds 
is  labor  for  drivers  and  helpers,  while  with  the  horse-drawn 
vehicle  the  driver  and  helper  wages  amount  to  about  44  per  cent 
of  the  cost  per  mile.  Anything  therefore  that  will  increase  the 
percentage  of  the  time  the  wheels  are  turning  will  decrease  the 
cost  of  operation  per  mile. 

It  would  also  appear  that  with  a  mileage  factor  such  as  would 
necessarily  exist  it  would  often  be  foolish  to  run  even  a  2000  lb. 
capacity  vehicle  continuously  at  the  speed  that  now  prevails.  With 
a  reduction  of  speed,  vehicle  and  battery  maintenance  drop  an 
amount  well  worth  the  sacrifice.  To  illustrate:  Assume  from 
Table  13  that  the  2000-lb.  electric  truck  is  in  'service  10  hours.  It 
has  a  maximum  speed  on  the  level  somewhere  near  12  uiiles  per 
hour,  and  an  average  speed  of  say  8  miles  per  hour,  which  would 
mean  for  20  miles  per  day  an  actual  running  time  of  ^Vo  hours, 
with  an  idle  time  of  7V2  hours.  By  cutting  the  maximum  speed 
to  9  miles  per  hour  the  time  f)f  running  would  be  increased  to 
only  3  hours,  which  would  necessitate  a  reduction  of  half  an  hour 
in  the  idle  time,  or  approximately  7  per  cent.  This  is  particu- 
larly true  in  congested  city  streets  where  it  is  impossible  to  utilize 
tlie  high  speed  on  account  of  frequent  stopping  and  starting. 

Effecting  this  change  through  increased  gear  ratio  would  mean 
reduced  battery  draw  for  a  given  tractive  effort  or  a  greater  trac- 
tive effort  for  hills  and  greatly  reduced  vehicle  and  tire  depre- 
ciation. To  the  very  fact  that  the  electric  vehicle  is  a  so-called 
slow-speed  machine  may  be  attributed  one  of  the  reasons  for  its 
superior  economy  in  nearly  every  situation  over  the  commercial 
gasolene  vehicle.  The  larger  the  scale  upon  which  the  electric 
vehicle  is  used  the  greater  is  the  economy,  particularly  in  battery 
efficiency  and  maintenance. 

The  radius  of  operation  with  electric  vehicles  has  been  much 
increased  in  the  last  few  years  by  cooperation  between  the  vehicle 
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manufacturer,  the  motor  manufacturer  and  the  battery  manufac- 
turer, each  designmg  his  part  to  make  a  harmcmious  equipment 
suited  to  the  particular  service. 

Attention  is  called  in  the  abstract  of  the  paper  to  the  larger 
radius  of  action  of  the  gasolene  machine  as  well  as  to  its  greater 
cost  of  operation  as  compared  with  the  electric  car.  In  tliis  con- 
nection there  wouhi  appear  to  be  many  an  opportunity  for  in- 
creasing the  radius  of  action  of  the  electric  vehicle  by  changing 
batteries  or  boosting  during  periods  of  idleness  at  outlying  dis- 
tribution points,  or  at  the  home  loading  platform  during  the 
noon  hour. 

In  many  delivery  systems  it  is  the  practice  to  carry  mer- 
chandise to  outlying  substations  in  large  gasolene  transfer  trucks 
and  from  the  substation  to  the  points  of  ultimate  destination  in 
electric  delivery  wagons.  In  collection  service  the  process  is  re- 
versed. Many  of  these  substations  readily  lend  themselves  to  tak- 
ing care  of  large  electric  transfer  trucks  by  allowing  for  chang- 
ing batteries  which  will  take  from  20  to  30  minutes,  or  by  pro- 
viding facilities  for  boosting  charges.  By  changing  batteries  the 
radius  of  action  of  such  trucks  is,  of  course,  doubled. 

The  lead  storage  battery,  particularly  Avith  that  form  of  con- 
struction using  protected  cores,  is  adapted  to  be  recharged  at 
exceedingl}^  high  rates  and  with  remarkable  efficiency  for  short 
periods.  To  be  specific,  that  form  may  be  recharged  at  an  energy 
efficiency  of  over  84  per  cent  and  a  current  efficiency  of  upwards 
of  97  per  cent.  The  battery  may  be  recharged  at  a  rate  in  am- 
peres equivalent  to  its  state  of  discharge  in  ampere-hours.  This 
would,  of  course,  u  ean  a  decreasing  rate  of  charge.  This  can  be 
secured  practically  by  providing  a  constant  potential  circuit  of 
approximately  2.3  volts  per  cell,  and  simply  by  plugging  in  the 
battery  without  intervening  resistance.  By  this  method  of  charge 
with  100  per  cent  of  the  battery  discharged  23  per  cent  can  be 
restored  in  20  minutes;  32i/^  per  cent  can  be  restored  in  30  min- 
utes ;  521/0  per  cent  can  be  restored  in  1  hour. 

With  the  battery  three-quarters  discharged  44  per  cent  of  the 
total  capacity  can  be  restored  in  one  hour,  giving  a  total  capacity 
of  144  per  cent  of  the  norn^al  capacity  on  one  charge  and  a  cor- 
responding increase  of  mileage  per  charge. 

Where  constant  potential  circuits  of  suitable  voltage  are  not 
available,  the  battery  may  be  boosted  at  a  constant  current,  pro- 
dded gassing  (which  means  wasted  energy),  and  high  tempera- 
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tures  are  not  produced.    A  safe  rule  within  this  limit  is  to  charge 

at  a  current  rate  in  amperes  equal  to  the  discharge  state  of  the 

battery  in  ampere  hours  divided  by  the  time  in  hours  available 

for  charging,  plus  one.     To  illustrate:  The  ampere-hour  meter 

shows  100  ampere-hours  have  been  discharged  from  the  battery ; 

one  hour  is  available  for  boosting;  the  charging  rate  will  be 

100 

■  =  60  amperes  for  one  hour.    If  15  minutes  are  available  for 

100 
charging  the  rate  would  be     _,   oqk  ^^  ^^  amperes  and  the  input 

would  therefore  be  20  ampere-hours. 

Referring  to  Table  11,  this  figure  would  mean  on  the  basis  of 
3.69  ampere-hours  consumption  per  mile  with  95  per  cent  current 
efficiency,  about  13  miles  increased  action  with  one  hour  available 
for  boosting. 

An  ampere-hour  meter  would  be  necessary  as  a  guide  in  follow- 
ing this  method,  and  in  general  the  results  would  be  as  follows: 
A  vehicle  after  having  given  40  miles  on  a  charge  could  be 
boosted  so  as  to  give  additional  mileage  as  follows :  in  20  minutes, 
10  miles;  40  minutes,  16  miles  additional;  60  minutes,  20  miles 
additional ;  80  minutes,  22.8  miles  additional. 

The  same  vehicle  cduld  be  boosted  for  one  hour  after  having 
given  10,  20  and  30  miles  from  a  fully  charged  battery  so  as  to 
give  5,  10  and  15  miles  respectively. 

These  data  show  the  possibility  for  long  hauls  and  the  flexibil- 
ity of  application  of  the  electric  vehicle. 

William  P.  Kennedy.^  There  is  general  demand  for  opera- 
tion cost  information  such  as  is  given  by  Mr.  Metz.  There  has 
been  considerable  difficulty  in  getting  accurate  cost  information 
from  users  of  motor  vehicles,  particularly  for  the  reason  which 
is  illustrated  in  this  paper,  that  the  installations  are  made  par- 
tially instead  of  completely,  and  with  the  partial  installation 
retaining  part  of  the  former  horse  installation,  it  is  hard  to  segre- 
gate cost  to  do  justice  to  the  motor  vehicle.  Mr.  Metz's  paper 
has  taken  care  of  this  very  nicely  and  shown  differences  in  cost 
as  to  partial,  initial  and  final  installation.  The  best  practice 
would  be  completely  to  analyze  the  situation  first  and  prepare  a 
statement  of  the  operating  costs,  and  to  use  that  as  a  standard 

'Consulting  Engineer,  ITIX)  Broadway,  New  York. 
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table,  so  to  speak,  by  which  the  entire  proposition  might  be 
worked  out.  It  is  not  just  nor  desirable  to  make  comparison  of 
unit  costs  of  large  motor  equipment  as  against  the  cost  of  the 
horse-drawn  vehicle  in  the  horse-equipment  installation;  the  only 
way  to  arrive  at  cost  in  either  horse  installation  or  motor  installa- 
tion is  to  take  the  entire  cost  of  operation,  preferably  on  an  an- 
nual basis  and,  with  all  the  charges  against  the  installation,  de- 
termine the  operating  unit  cost. 

John  Younger.^  In  the  abstract  of  the  paper  there  is  a  state- 
ment rather  damaging  to  the  gasolene  truck,  and  not  at  all  sub- 
stantiated by  the  figures  given.  Many  like  statements  are  made 
by  those  favoring  the  electric  storage  battery  truck,  but  when 
the  test  of  actual  accounting  is  applied,  they  are  found  to  be 
without  actual  foundation  in  fact. 

The  only  gasolene  cars  mentioned  in  Par.  8  are  Cadillac,  Brush, 
Buick,  Ford,  Franklin  and  Maxwell  cars.  These  are  distinctly 
not  commercial  vehicles,  as  properly  understood,  but  merely  tour- 
ing cars,  probably  specially  adapted.  These  cars  run  at  high 
speed  and  it  is  a  well-known  fact  that  it  is  exceedingly  difficult 
to  keep  the  drivers  from  abusing  them  by  stolen  "  joy  rides  "  and 
by  fast  driving  over  bad  roads.  For  these  and  many  other  rea- 
sons, their  cost  of  operation  is  on  the  high  side,  but  should  not 
be  as  high  as  stated  in  Table  5  if  there  had  been  careful  super- 
vision. For  instance,  the  running  sheet  of  a  gasolene  5-ton  truck 
selected  at  random  shows  that  it  ran  at  a  cost  per  mile  of  $0,267, 
i.e.,  exactly  twice  the  cost  of  running  the  so-called  gasolene  com- 
mercial car  in  Mr.  Metz's  paper. 

It  may  be  interesting  to  state  here  the  method  used  by  the 
Pierce- Arrow"  Motor  Car  Company  in  taking  operating  costs  of 
their  5-ton  truck.  It  will  be  noticed  that  every  item  of  impor- 
tance in  determining  a  true  and  accurate  cost  is  taken  into  ac- 
count, including  insurance  and  garage  charges,  and  a  reasonable 
interest  at  6  per  cent  per  annum  on  the  investment.  Mr.  Metz's 
figure  of  2  per  cent  on  Table  12  is  altogether  too  low,  though,  of 
course,  in  agreement  with  that  allowed  on  his  horse-drawn 
vehicles. 

Investment  of  truck  with  full  equipment,  including  body 

and   all   tools .^4800.00 

*  Mechanical  Engineer,  Truck  Department,  The  Pierce-Arrow  Motor  Car 
Co.,  Buffalo.  N.  Y. 
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Interest  at  (J  per  cent  per  aunum $288.00 

General   insurance 200.00 

Garage  at  $30  per  month 300.00 

Driver  at  $21  per  week 1092.00 

Fixed  charges  per  year $1940.00 

Fixed  charges  per  day  ( 1/3G5) 5.32 

RUNNING    COSTS    PER    MILE 

Tires  (8000  miles  guaranteed)  at  $408 ' $0.05850 

Gasolene,  41/2  mi.  per  gal.  at  18  cents  per  gal 0.04000 

Lubrication 

Motor,  250  mi.  per  gal.  at  00  cents  per  gal 0.00240 

Transmission,  5000  mi.  per  5  gal.  at  05  cents 0.00005 

Rear  Axle,  5000  mi.  per  5  gal.  at  65  cents 0.00005 

Allowance   for   daily    repairs   and   overhaul    (maintained 

and  overhauled  at  15,000  miles) 0.02500 

Depreciation  at  150,000  miles,  or  seven  years 0.03200 

Operating  expenses  for  1  mi $0.15480 

These  figures  are  based  on  actual  average  working  and  can  be 
considerably  improved  on  by  careful  supervision.  Tire  mileage, 
for  instance,  can  be  bettered  by  the  driver  exercising  precaution 
on  bad  roads. 

We  find  that  the  field  of  the  gasolene  truck  is  limited  only  by 
the  length  of  the  highways.  We  have  5-ton  trucks  operating  suc- 
cessfully in  short  hauls  as  well  as  long  hauls.  There  is  a  very 
good  description  of  a  short  haul  job  in  the  Engineering  Record. 
October  26,  1912. 

In  our  experience  a  comparison  of  costs  with  horse  haulage  is 
rarely  asked  for  nowadays.  There  are  many  other  benefits  ac- 
cruing beyond  monetary  saving.  Users,  for  instance,  are  able  to 
extend  their  territory  and  push  sales  at  greater  distance.  ■  Other 
users  find  the  saving  in  time  a  valuable  item.  Still  other  users 
are  operating  trucks  successfully  where  horses  and  mules  are 
practically  impossible.  The  extremes  of  heat  and  cold  in  our 
climate  have  rendered  the  horse  an  "  unstable  "  animal,  and  the 
motor  truck,  electric  or  gasolene,  is  surely  replacing  him. 

E.  R.  GuRNEY.-  In  Table  8,  the  operating  expense  of  a  two- 
horse  team  is  given  as  $1559.24  per  year,  which,  reduced  to  a  ton- 
mile  basis,  assuming  12  miles  per  day,  300  days,  loaded  one  way, 

^  Based  on  cost  at  present  time. 

'  Knox  Automobile  Co.,  Springfield,  Mass. 
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gives  33  cents  per  ton  mile.  TIuh  figure  cliecks  very  closely  with 
an  average  of  horse-drawn  costs  as  we  have  been  able  to  compile. 

In  Table  12,  the  operating  expense  of  a  5000-lb.  electric  truck 
reduced  to  a  ton-mile  basis  is  27  cents  per  ton-mile  assuming  24 
miles  per  day  300  days.  This  is  within  1  cent  of  the  result  ob- 
tained as  an  average  of  our  GOOO-lb.  gasolene  truck. 

We  have  no  data  on  electric  operation  nor  on  the  lighter  gaso- 
lene delivery  systems.  Our  data  begin  where  this  paper  leaves 
off  and  deal  with  the  heavier  class  of  units  reduced  to  a  cost  per 
ton-n.ile  basis. 

HarrijSgton  Emerson.  Eeliable  and  adequate  comparative 
records  of  costs  of  motor  trucks  and  horse-drawn  vehicles  at  the 
present  tiir.e  would  be  exceedingly  valuable.  The  conclusions 
reached  are  not  satisfactory,  however,  as  the  data  are  not  stand- 
ard. For  instance,  in  estimating  the  cost  of  a  truck  Mr.  Metz 
puts  down  interest  at  2  per  cent  per  annum  which  is  not  a  legiti- 
mate industrial  charge.  Six  per  cent,  perhaps  7  per  cent,  and  in 
certain  portions  of  the  country  even  higher,  would  be  the  very 
lowest  that  ought  to  be  charged.  Depreciation  is  put  down  at 
10  per  cent.  There  is  inadequate  experience  to  justify  the  as- 
sumption that  the  depreciation  of  an  electric  motor  truck  is  only 
10  per  cent  per  annum.  In  ordinary  machinery  we  assume  about 
10  per  cent  a  year  for  depreciation,  and  certainly  on  such  an  ar- 
ticle as  a  motor  truck,  10  per  cent  is  too  low  for  depreciation. 
On  the  other  hand,  when  it  comes  to  the  horse-drawn  vehicle,  we 
have  the  statement  that  five  carts,  five  horses  and  five  men  were 
displaced.  How  do  we  know  that  three  men  could  not  have  done 
the  work  perfectly  and  three  horses  and  three  carts?  Usually 
these  horse-drawn  vehicles  are  not  operated  at  more  than  60  per 
cent  of  possible  rational  efficiency.  It  is  absolutely  impossible  to 
compare  a  truck  operating  probably  at  100  per  cent  efficiency 
and  a  horse-drawn  vehicle  whose  efficiency  we  do  not  know.  In 
one  table  the  horse-drawn  vehicle  is  put  dow^n  as  costing  $1.92 
a  day  and  in  the  very  next  table  the  cost  is  put  down  at  $1.55, 
showing  no  standard  of  costs.  What  evidence  is  there  that  a 
horse-drawn  vehicle  ought  to  cost  $1.92  a  day?  If  the  $1.92  is 
not  correct,  is  merely  a  record  of  incidental  cost  instead  of  in  any 
way  being  a  standard  cost,  all  conclusions  drawn  from  the  figures 
are  invalidated. 
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Charles  W.  Baker.  I  do  not  see  why  6  per  cent  interest 
should  be  charged  on  an  investment  in  horses  and  only  2  per  cent 
on  an  investment  in  electrical  trucks.  The  figures  on  deprecia- 
tion also  seem  open  to  criticism.  Mr.  Metz  allows  15  per  cent 
depreciation  on  the  horse-drawn  commercial  vehicle,  but  I  know 
of  such  vehicles  that  have  been  used  for  many  years  and  are  not 
yet  worn  out.  He  charges  the  same  rate  of  depreciation  on  the 
motor  vehicle,  but  my  observation  is  that  the  depreciation  of  such 
vehicles  is  very  rapid  indeed.  I  think  Mr.  Metz's  figures  should 
be  critically  studied  by  anyone  proposing  to  rely  upon  them  for 
practical  guidance. 

The  Author.  Mr.  Flanders  recommends  a  reduction  in  speed, 
giving  as  his  reason  therefor,  that  it  would  greatly  reduce 
vehicle  and  tire  depreciation.  While  it  is  true  that  the  speed 
reduction  would  reduce  this  depreciation,  it  should  also  be  re- 
membered that  a  necessary  reduction  in  speed  in  congested 
city  streets  makes  it  imperative  to  obtain  a  higher  speed  at  cpr- 
tain  times  in  order  to  get  mileage  out  of  the  cars  sufficient  to 
make  them  pay.  The  exact  speed  at  which  commercial  vehicles 
should  be  run  is  open  to  question,  but  I  believe  that  the  present 
speed  is  about  as  nearly  right  as  it  can  be  made  under  present 
conditions. 

Kef  erring  to  the  discussion  by  JMr.  Emerson,  it  is  my  opinion 
that  interest  charges  should  be  made  to  agree  with  the  actual- 
interest  Avhich  any  particular  establishment  has  to  pay.  If  the 
government  can  borrow  money  at  2  per  cent,  it  is  fair  to  charge 
2  per  cent  interest  on  investment  for  government  work.  If  pri- 
vate establishments  have  to  pay,  say  4  or  5  per  cent,  then  they 
should  charge  4  or  5  per  cent  interest  on  their  investment. 

The  figures  in  my  paper  were  given  fr(mi  actual  experience, 
and  the  charges  were  therefore  made  to  agree  with  the  facts  in 
the  case. 

It  will  be  an  easy  matter  for  anycme  desiring  to  install  auto- 
mobiles to  separate  the  interest  charges  and  make  his  particular 
interest  charge  agree  with  the  interest  which  he  will  have  to  pay. 

The  remarks  made  by  Mr.  Baker  hardly  need  any  criticism, 
for  it  is  apparent  that  he  has  not  read  the  article  correctly.  A 
detailed  examination  of  the  article  will  show  that  for  any  given 
establishment  the  same  interest  is  charged  against  electric  trucks 
as  was  charged  against  horse-drawn  vehicles,  and  in  government 


CLOSURE  1257 

establishments  the  same  thing  is  true.  Mr.  Baker  evidently  con- 
fused the  figures  by  comparing  the  horse-drawn  vehicles  used  in 
private  establishments  with  the  electric  vehicles  used  in  govern- 
ment establishments. 

Referring  to  the  depreciation  charges,  it  is  a  well-know'n  fact 
that  the  horse  is  not  much  good  for  heavy  trucking  service  after 
five  years  of  use,  and  the  horse-drawn  wagon  is  not  much  good 
for  the  same  service  after  ten  years  of  use,  so  that  the  20  per 
cent  depreciation  on  the  horse,  10  per  cent  on  the  wagon,  and 
15  per  cent  on  the  harness  represent  average  figures.  The 
depreciation  on  electrics  is,  of  course,  not  yet  well  understood, 
but  there  are  plenty  of  electric  vehicles  in  use  at  the  present 
time  which  were  purchased  ten  years  ago,  or  more,  so  that  the 
10  per  cent  depreciation  for  this  class  of  vehicles  is  on  the  safe 
side. 


TEST  OF  A  HYDRAULIC  BUFFER 

By  Caul  Schwartz,  Published  in  The  Journal  for  June 

ABSTRACT  OF  PAPER 

The  paper  discusses  the  performance  of  a  hydraulic  buffer  for  railroad  terminal 
stations  and  the  means  used  for  the  test.  The  results  show  the  energy  absorbed 
by  the  buffer  under  various  conditions  of  train  speed  and  weight  and  indicate 
how  a  buffer  should  be  constructed  to  be  least  harmful  to  the  train  equipment . 

DISCUSSION 

F.  H.  Clark.  One  of  the  important  elements  in  any  device  in- 
tended to  absorb  the  shock  or  arrest  the  speed  of  moving  bodies  is 
the  length  of  stroke  or  the  distance  through  which  the  device  oper- 
ates. The  disadvantage  of  the  ordinary  type  of  buffer  or  stop  as 
used  in  railway  service  is  the  relatively  short  movement  of  the  face 
of  the  buffer.  In  the  hydraulic  buffer  described  by  Mr.  Schwartz, 
this  difficulty  is  overcome  to  a  great  extent  by  the  stroke  or  working 
length  of  11  ft.,  and  the  tests  naturally  show  that  desirable  results 
are  obtained.  The  device  has  the  disadvantage,  however,  of  occupy- 
ing a  considerable  amount  of  space.  The  length  over-all  is  not  given, 
but  it  would  probably  not  be  less  than  30  ft.,  or  about  20  ft.  more 
than  is  occupied  by  the  usual  type  of  buffer.  This  would  be  an  im- 
portant item  in  a  large  terminal,  not  only  on  account  of  the  addi- 
tional space  required,  but  also  on  account  of  the  greater  distance 
between  the  train  and  the  station. 

Buffers  as  a  rule  are  intended  only  for  emergency  use  and  are  very 
seldom  brought  into  action.  It  is  generally  desirable  that  such 
equipment  be  of  such  construction  that  casual  inspection  will  deter- 
mine whether  or  not  it  is  in  working  order,  and  there  might  be  some 
liability  in  cold  climates  of  the  device  freezing  or  otherwise  becoming 
inoperative  without  its  condition  being  noticeable. 

Arthur  E.  Johnson.    This  buffer  could  be  designed  so  as  to  be 
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similar  to  the  simpler  forms  of  brakes  used  to  take  up  the  energy  of 
the  recoil  of  guns,  as  follows: 

First  by  ascertaining  as  nearly  as  possible  the  amount  of  pressure 
which  a  given  train  construction  will  stand  as  a  resistance.  Then 
the  length  of  action  of  the  buffer  can  be  arranged  as  permitted  by 
the  space  available  and  as  required  by  the  weight  of  trains.  Cylin- 
ders may  be  arranged  either  horizontally  or  vertically  to  save  space. 
They  may  be  provided  Avith  a  by-pass  if  necessary  to  handle  trains 
very  much  lighter  than  the  maximum.  The  lighter  resistance  thus 
provided  would  permit  the  same  length  of  action  for  the  light  as  for 
the  heavy  trains.  And  last,  solid  bumpers  must,  as  before,  be  pro- 
vided to  prevent  the  pistons  from  bottoming  whenever  the  energy 
is  too  great  to  be  taken  up  entirely  in  the  device. 

Oil  would  seem  to  be  a  much  more  suitable  fluid  for  this  use  than 
water  on  account  of  its  greater  viscosity. 

H.  A.  Jensenius.^  In  traveling  through  Germany  and  England 
last  summer,  I  saw  a  buffer  in  Diisseldorf  and  also  one  in  England, 
the  construction  of  which  was  similar  to  the  one  described  by  Mr. 
Schwartz,  but  the  stroke  I  believe  was  not  more  than  8  ft.  At 
crowded  terminals  space  is  very  precious,  and  therefore  if  an  appa- 
ratus of  this  kind  could  be  built  with  a  little  shorter  stroke  and 
probably  with  a  larger  cylinder  or  higher  pressure,  it  might  be  better 
adapted  for  the  purpose  intended. 

Another  point  is  the  question  of  freezing.  These  buffers  are  filled 
with  liquid  and  subject  to  low  temperatures.  Therefore,  water 
would  not  be  suitable.  A  device  arranged  with  a  closed  pressure 
tank  so  as  to  confine  the  liquid  and  not  to  require  any  outside  source 
of  supply  would  in  my  judgment  be  more  serviceable.  In  this  case 
oil  or  any  other  non-freezable  fluid  could  be  used. 

Philander  Betts.  The  curves  showing  the  results  of  tests  of 
the  stoppage  of  trains  made  by  the  use  of  this  apparatus  show 
the  great  importance  of  the  draft  gear.  I  would  like  to  have  the 
({uestion  answered,  if  it  can  be,  as  to  whether  note  was  made  as 
to  the  types  of  draft  gears  and  as  to  whether  tests  have  been 
made  with  different  types  of  draft  gear  to  show  the  relative 
results  in  the  stoppage  of  trains  as  indicated  b}^  the  form  of 
curve  drawn  by  this  apparatus. 

The  Author.     The  length  of  travel  of  the  buH'er  piston  is 
I  R.   D.   Wood  &  Co.,   Philadelphia,   Pa. 
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largely  influenced  by  the  weight  of  the  train  striking  the  buffer 
and  relatively  little  by  the  speed  of  the  train,  the  speed  of  the 
train  determining  the  pressure  in  the  cylinder  and  thus  the  re- 
sistance against  the  train.  The  buffer  is  built  for  a  maximum 
train  weight  of  1000  tons,  and  with  about  11  ft.  travel  will  be 
able  to  bring  such  train  to  a  standstill.  The  length  of  the  stroke 
could  be  shortened  by  increasing  the  pressure  against  the  train 
with  an  increased  liability  of  damage  to  the  equipment. 

Mr.  Jensenius  is  correct  in  stating  that  buffers  installed  in 
Germany  and  England  have  a  shorter  working  length,  and  the 
reason  is  that  trains  in  Europe  have  smaller  tonnage  than  in 
Ihis  country.  The  experimental  buffer  tested  is  the  largest  buf- 
fer of  this  type  ever  constructed,  its  total  length  being  SOi/o  ft. 

The  suggestion  is  made  to  use  another  liquid  than  water. 
Inasmuch  as  the  energy  absorbed  is  all  transformed  into  heat 
from  a  theoretical  standpoint,  water  would  be  the  ideal  medium 
because  it  is  the  medium  capable  of  storing  the  largest  number 
of  B.t.u.  Practically,  however,  this  feature  is  of  little  impor- 
tance and  the  non-freezing  qualities  of  oil  or  glycerine  are  more 
valuable.  Water  was  used  and  disposed  of  to  the  sewer  because 
the  buffer  is  installed  for  experimental  purposes,  but  for  a  per- 
manent installation  the  suggestion  to  use  a  closed  pressure  tank 
to  confine  and  circulate  the  liquid  should  receive  careful  con- 
sideration. 

The  tests  were  made  irrespective  of  different  types  of  draft 
gears  and  the  curves  in  Fig.  8,  which  apply  to  a  locomotive  with 
four  Pullman  cars  and  a  total  train  weight  of  342.5  tons,  show 
"that  a  certain  amount  of  energy  was  absorbed  by  the  train  itself 
due  to  the  cars  swinging  back  and  forth  during  the  impact.  No 
doubt  the  type  of  draft  gear  has  some  influence  upon  the  be- 
havior of  the  train  during  the  impact  period. 


SHADING  IN  MECHANICAL  DRAWING 

By  Theodore  W.  Johnson,  Published  in  The  Journal  for  April 

ABSTRACT  OF  PAPER 

The  object  of  this  paper  is  to  present  a  new  rule  for  shading  mechanical 
drawings,  which  comprehends  the  most  important  of  the  rules  now  used 
without  their  complexities  and  uncertainties  and  the  controversies  which 
arise  from  their  use.  The  new  rule  is  proposed  with  a  view  to  reducing 
the  art  of  shading  to  a  precise  and  exact  system  in  the  interests  of  rapidity 
in  the  execution  and  reading  of  drawings  and  of  their  appearance. 

DISCUSSION 

Sanford  a.  Moss.  It  is  questionable  if  shading  really  aids  in 
reading  a  drawing.  Fig.  1  would  probably  be  as  plain  if  it  were 
unshaded,  and  Fig.  2  without  other  views  could  hardly  be  made 
plainer  by  any  system  of  shading.  Any  mechanical  drawing 
which  depends  upon  the  shading  for  its  interpretation  is  likely 
to  cause  mistakes.  Therefore,  if  we  must  use  other  means  than 
shading  to  make  the  drawing  plain  there  is  no  use  going  to  the 
trouble  of  adding  shade  lines  even  though  this  trouble  is  very 
slight.  That  this  is  true  is  borne  out  by  practice ;  95  per  cent  of 
the  mechanical  drawings  made  today  for  regidar  shop  use  have 
no  shading  whatever.  This  has  been  a  great  evolution  from  the 
custom  of  ten  or  twenty  years  ago  when  shading  was  very  preva- 
lent. The  writer  has  made  a  number  of  tests  with  actual  me- 
chanics, and  a  number  of  investigations  as  to  the  prevalence  of 
shaded  drawings  in  shop  work.  As  a  net  result  the  decision  was 
reached  that  mechanical  drawings  should  not  be  shaded. 

The  view  taken  by  Mr.  Moss  was  expressed  in  various  ways  by 
other  discussors,  and  the  Editor  has  omitted  repetitions  of  such 
statements. 

Wm.  p.  Hawley.  If  the  object  of  shade  lining  be  to  reduce 
the  miniber  of  necessary  views,  and  so  make  one  view  serve  where 
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two  might  otherwise  be  needed,  the  time  saved  in  the  drawing  of 
views,  will  be  consumed  in  the  study  and  execution  of  the  shad- 
ing, and  the  drawing  will  not  be  so  clear  in  the  end.  The  mental 
effort  required  to  interpret  a  drawing  of  one  view  with  shade 
lines  is  doubtless  greater  than  that  required  to  understand  the 
same  draAving  with  an  extra  view  and  no  shade  lines,  and  there 
is  far  less  chance  for  dispute  in  the  latter  case. 

The  author's  closing  sentence  intimates  that  theory  and  prac- 
tice are  not  now  in  accord,  but  will  be  when  his  new  rule  is 
adopted.  When  theory  and  practice  are  in  conflict,  it  is  safe  to 
side  with  practice;  present  practice  is  for  plain,  legible,  and  un- 
ornamented  shop  drawings,  with  sufficient  views  of  each  detail  to 
show  all  that  shade  lines  might  otherwise  attempt.  The  best 
drawing  for  the  shop  man  is  the  one  that  w^ll  give  the  most  com- 
plete information  in  the  simplest  possible  fashion;  the  one  that 
can  be  made  and  interpreted  with  the  least  expenditure  of  time, 
and  still  leave  no  questions  to  be  asked  and  no  chance  for  dis- 
putes. 

H.  D.  Hess.  As  the  proper  dimensioning  of  drawings  re- 
quires that  more  than  one  view  be  given,  anyone  using  drawings 
should  read  only  one  view  as  interpreted  by  the  accompanying 
views.  Failure  to  do  this  is  quite  noticeable  on  the  part  of  stu- 
dents who  not  infrequently  give  up  attempting  to  understand  one 
view  before  examining  the  other  views.  Shading  drawings  for 
the  use  of  students  in  engineering  would  only  tend  to  increase 
their  dependence  on  one  vieAv  and  would  therefore  be  objection- 
able. 

While  not  approving  of  any  general  adoption  of  shading  in 
mechanical  drawings,  I  believe  the  rule  suggested  by  Professor 
Johnson  would  simplify  shading  and  would  prove  satisfactory. 

L.  S.  BuRBANK.  In  our  drafting  room  no  attention  is  paid  to 
the  shading  of  drawings;  in  fact,  the  rules  explicitly  state  that 
no  detail  draAving  shall  be  shaded.  We  standardize  the  strength 
of  line  of  which  the  picture  is  made,  and  the  strength  of  line  of 
which  the  dimension  and  construction  lines  are  made,  so  that  the 
picture  will  stand  out  distinctly;  these  lines,  however,  are  not 
made  po  heavy  that  they  may  not  be  conveniently  and  safely 
erased.     0"^'  layout  drawings  are  generally  made  with  differ- 
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ently  colored  inks,  with  the  colors  of  the  various  details  corre- 
sponding in  the  several  views  and  with  the  full  and  dotted  lines 
shown,  generally,  as  if  the  detail  showed  alone. 

But  all  this  is  special  to  our  requirements;  the  general  func- 
tions of  the  various  styles  or  models  of  looms,  etc.,  are  so  familiar 
that  we  need  no  emphasis  put  on  the  illustrative  feature  of  the 
drawing,  but  are  concerned  principally  with  the  changed  form 
of  the  detail  construction  necessary  to  meet  some  new  condition, 
and  the  colored  ink  enables  the  eye  to  trace  and  hold  amid  a  lab)^- 
rinth  of  other  lines,  the  form  of  any  particular  detail.  In  or- 
dinary shop  working  drawings  I  would  not  favor  the  shading 
of  detail  drawings. 

In  assemblv  drawings  of  relativelv  unfamiliar  machinery, 
shaded  work  adds  a  depth  and  clearness,  whereas  colored  line 
work  shows  it  perfectly  flat.  Patent  office  drawing  is  a  good  ex- 
ample of  the  practicabilit}^  and  necessity  of  shaded  work;  and  in 
practical  machine  design,  particularly  in  assembly  drawings 
where  the  mechanism  is  complicated  or  unfamiliar,  shaded  lines 
are  generally  an  assistance.  There  are  other  cases,  such  as  illus- 
trative work  where  the  intention  is  t.o  beget  admiration,  which 
come  under  this  class. 

I  think  the  rule  for  shading  suggested  by  Professor  Johnson 
is  the  best  I  have  seen,  and  I  shall  certainly  profit  by  it. 

L.  E.  Osborne.  The  rules  covering  shading  as  given  in  the 
best  text  books  on  the  subject  ought  to  make  their  use  clear. 
Prof.  Gardner  C.  Anthony  in  his  Machine  Drawing  covers  the 
subject  in  the  following  concise  paragraph : 

The  only  practical  direction  that  may  be  given  for  the  method  of  using  them 
is  to  shade  the  right  hand  and  lower  edges  of  all  surfaces,  remembering  that  in  the 
case  of  contact  between  surfaces,  the  line  represents  the  surface  nearest  the  ob- 
server. Where  the  surfaces  are  flush,  as  is  the  case  between  the  stub-end  of  the 
connecting  rod  and  the  strap,  the  line  must  be  fine.  Never  shade  the  intersecting 
lines  between  visible  surfaces  of  the  same  piece,  as  illustrated  by  the  division 
hne  of  the  faces  of  a  bolt-head.  Shade  the  lower  right-hand  quadrant  of  outside 
circles  and  the  upper  left-hand  quadrant  of  inside  circles.  Do  not  permit  the 
shade  line  to  encroach  on  the  surface  which  it  bounds. 

As  Professor  Johnson  brings  out  in  his  paper,  there  is  con- 
siderable variation  in  the  use  of  shade  lines.  I  believe  this  is  due 
either  to  a  drafting  room  holding  to  a  method  adopted  a  num- 
ber of  years  ago,  or  to  those  in  charge  not  requiring  absolute  uni- 
formity of  shading  on  drawings.    Shading  is  by  no  means  a  dif- 
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ficiilt  subject,  and  rules  covering  it,  an  example  of  which  I  have 
quoted  above,  make  it  clear. 

Professor  Johnson  has  covered  his  subject  thoroughly  and  has 
ingeniously  formulated  a  rule  having  both  brevity  and  clearness. 
I  believe  this  paper  conies  at  an  opportune  time  because  it  is  un- 
questionably to  the  interest  of  both  the  engineering  industries 
and  profession  that  standard  methods  be  used. 

Luther  D.  Burlingame.  In  my  experience  with  draftsmen  I 
have  found  it  difficult  to  bring  about  uniformity  in  the  use  of 
shade  lines,  due  no  doubt  to  the  varying  rules  referred  to  in  Pro- 
fessor Johnson's  paper.  As  a  matter  of  practice  a  large  propor- 
tion of  our  work,  when  shaded  at  all,  follows  the  general  plan 
proposed  by  him,  which  has  much  to  commend  it. 

I  agree  with  the  author  in  that  reducing  the  number  of  shade 
lines  to  the  minimum  is  desirable;  practice  at  the  Brown  and 
Sharpe  works  is  to  use  shade  lines  only  for  assembled  drawings 
and  sections,  not  using  them  at  all  on  details  or  on  tool  draw- 
ings. The  fact  that  tool  drawings,  and  in  many  cases  details,  are 
made  in  pencil,  blue  prints  being  made  directly  from  the  pencil 
drawings,  is  another  reason  for  not  using  shade  lines  for  such 
drawings.  While  there  is  some  advantage  is  using  shade  lines 
for  the  lower  part  of  cylindrical  objects  in  order  that  they  may 
be  distinguished  from  rectangular  objects  without  an  additional 
view,  in  practice  this  is  of  no  great  value  because  the  variation 
in  the  work  of  different  draftsmen  is  so  great  that  it  cannot  be 
depended  upon.  It  may  be  noted  that  while  the  rules  of  the  pat- 
ent office  call  for  the  light  to  come  from  the  upper  left-hand 
corner  at  an  angle  of  45  deg.,  a  large  proportion  of  the  drawings 
do  not  strictly  follow  this  rule.  In  fact  it  is  an  unusual  experi- 
ence to  find  any  drawings  which  are  entirely  consistent  in  this 
respect.  For  these  reasons  I  believe  that  the  simple  rule  laid 
down  in  Professor  Johnson's  paper  should  be  adopted  as  cover- 
ing the  best  general  practice  and  following  what  might  be  called 
"  the  line  of  least  resistance." 

F.  W.  Ives.  I  heartily  approve  of  the  author's  proposal  to 
change  the  direction  of  the  ray  of  light  to  a  position  approach- 
ing the  vertical.  I  believe  that  it  will  simplify  materially  the 
average  draftsman's  trouble  in  dealing  with  conflicting  rules. 
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J.  S.  Reid.  About  the  year  1907  I  made  an  investigation  into 
the  general  practice  in  drafting-room  conventions.  Thirty-five 
questions  were  embodied  in  a  letter  to  200  selected  progressive 
chief  draftsmen  in  this  country,  and  in  reply  to  one  of  the  ques- 
tions the  almost  unanimous  answer,  "  never  use  shade  lines  "  em- 
phasized the  conviction  in  my  mind  that  shade  lines  on  mechan- 
ical drawings  are  not  essential  to  the  proper  reading  of  a 
correctly  made  working  drawing.  It  is  true  that  shade  lines  give 
a  certain  embellishment  and  relief  from  the  flat  to  drawings  that 
would  seem  to  be  very  desirable  at  first  thought,  but  the  extra 
time  required  to  apply  them  and  the  confusion  in  methods  of 
application  have  been  thought  good  reasons  among  others  for 
abandoning  them. 

With  the  exception  of  the  practice  of  the  United  States  Gov- 
ernment it  is  my  belief  that  shade  lines  on  mechanical  drawings 
have  been  almost  entirely  abandoned,  and  in  these  days  of  scien- 
tific management  and  the  elimination  of  all  unnecessary  move- 
ments it  would  surely  be  going  baclcward  to  give  the  impression 
that  the  use  of  shade  lines  on  mechanical  drawings  are  the  proper 
things. 

The  new  rule  suggested  by  the  author  seems  to  be  rather  vague 
and  would  need  a  good  deal  of  explanation  to  go  with  it  to  make 
it  clear  to  the  average  student  or  draftsman.  "  If  a  ray  of  light 
comes  from  a  point  almost  perpendicular  to  the  paper,  how  can 
the  projection  of  that  ray  make  a  45-deg.  line,  as  at  present?  " 
is  a  sample  question  asked  by  students  on  reading  the  rule.  A 
good  many  years  ago  when  draftsmen  were  quite  generally  using 
shade  lines,  the  most  satisfactory  rule  was  to  shade  the  lower  and 
right-hand  edges  of  all  flat  surfaces  in  shadow.  Of  course  the 
rule  was  not  entirely  satisfactory,  but  it  was  the  most  popular 
practice. 

J.  G.  Matthews.  From  a  practical  standpoint  the  subject  of 
shading  in  mechanical  drawing  seems  to  me  to  be  one  of  minor 
importance.  For  several  years,  while  in  charge  of  the  drawing 
room  of  a  large  concern  in  Michigan,  I  had  all  drawings  shaded 
at  a  considerable  expense  of  time  and  money.  But  since  more 
than  one  view  of  an  object  is  usually  required  in  order  to  give 
the  amount  of  the  elevation  or  depression  indicated  by  the  shad- 
ing, I  feel  that  the  other  view  or  views  are  sufficient  without  shad- 
ing.   No  shading  is  used  in  the  East  Technical  High  School  in 
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Cleveland,  and  the  pupils  have  no  difficulty  in  understanding  the 
drawings,  though  some  of  them  are  quite  complicated ;  and  if  any- 
one were  to  be  helped  by  the  use  of  shading,  it  certainly  would  be 
students.    I  think  that  cases  where  it  is  worth  while  are  very  few. 

The  Author.  The  discussion  divides  itself  into  two  parts,  on 
the  proposed  rule  itself  and  on  the  desirability  of  shading  in  gen- 
eral. 

The  paper  was  not  written  with  the  intention  of  raising  the 
general  question,  but  since  it  has  the  discussion  should  be  wel- 
comed. On  this  question  the  writer  wishes  to  take  a  middle 
ground. 

The  old  practice  of  shading,  whether  necessary  or  not,  was  an 
eccncmic  waste.  A  rule  to  discard  shading  altogether  is  also 
wasteful,  for  it  can  easily  be  shown  that  in  some  cases  the  extra 
labor  of  executing  the  shading  may  save  its  equivalent  many 
times  over.  The  question  is  then  a  decision  as  to  where  to  draw 
the  line,  and  in  deciding  this  the  future  history  of  the  drawing 
must  be  considered.  If  a  drawing  is  of  a  part  whose  general  shape 
is  well  known  and  which  may  be  handled  only  by  a  few  per- 
sons, shading  is  entirely  superfluous,  for  it  is  hardly  more  than 
a  place  to  record  dimensions. 

Other  drawings  are  to  persuade  engineers  and  laymen  of  the 
desirability  of  a  new  and  unusual  device  or  construction,  or  to 
teach  students  the  construction  of  machines  new  to  them.  In  such 
cases  the  little  extra  labor  of  shading  may  save  its  equivalent 
in  time  hundreds  of  times  over.  This  is  the  explanation  of  the 
persistence  of  shading  in  text  books,  advertising  books,  patent 
drawings  and  professional  papers.  Many  an  engineer  who  is 
"  down  on  "  shading  because  he  knows  it  to  be  a  waste  of  time 
when  applied  to  the  detail  drawings  made  in  his  office,  will 
naturally  adopt  it  when  he  writes  something  for  a  technical 
journal.  He  will  then  discover  that  in  order  to  get  his  figures 
on  a  large  enough  scale  for  the  very  narrow  printed  page  he 
must  reduce  the  number  of  his  views.  If  then  a  single  view, 
shaded,  can  serve  in  place  of  two  views,  not  shaded,  he  has 
gained,  or  rather  the  gain  is  to  the  user  of  the  drawing  in  the 
ease  of  reading  it.  In  order  to  have  a  rough  and  ready  rule 
applicable  in  many  cases  the  practice  of  shf^ding  assembler!  draw- 
ings and  leaving  unshaded  detail  drawings  is  spreading.  It  is 
a  rule  which  follows  the  general  idea  that  the  simple  drawing 
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for  machinists'  use  does  not  require  shading,  and  the  con: pli- 
cated drawing  for  engineers  does  require  it. 

There  is  at  present  a  tendency  to  fail  to  use  shading  even 
where  there  is  distinct  gain  from  it,  due  perhaps  to  the  present 
state  of  confusion  of  rules.  If  the  draftsman  shading  the  draw- 
ing and  the  user  for  whom  it  is  intended  are  not  at  one  as  to 
the  meaning  of  a  shade  line  in  every  possible  case,  it  is  clear 
that  precision  and  time  are  lost  and  vexation  caused  which  is 
attributable  to  the  state  of  the  art  of  shading,  and  not  charge- 
able to  shading  per  se.  This  I  hope  will  be  removed  when  a 
precise  rule  is  generally  adopted. 

As  regards  the  proposed  rule  of  shading  itself,  it  seems  to  be 
approved  by  some  as  simplifying  shading  and  removing  a  "  twi- 
light zone  "  or  debatable  ground  and  making  every  question  as 


F'iG.  14    Ambiguous  Case  of  Shading 


to  shading  one  which  can  be  answered  with  ''  yes  "  or  ''  no."  Mr. 
Osborne  quotes  a  rule  in  Anthony's  Machine  Drawing  as  a  con- 
cise paragraph,  but  to  my  mind  it  can  only  be  interpreted  in 
the  light  of  a  previous  rule,  defining  the  direction  of  light  upon 
the  object  and  it  is  subject  to  other  criticisms.  '"  Never  shade 
the  intersecting  line  between  visible  surfaces  of  the  same  piece." 
This  rule  is  intended  to  be  the  same  as  rule  V  of  the  paper  on 
Shading  in  Mechanical  Drawing,  but  ambiguous  cases  can  easily 
be  devised.  For  example  two  wedges  (Fig.  14),  A  and  B,  are 
placed  together.  Should  the  line  ah  be  shaded?  Apparently  it 
should  because  the  tAvo  visible  surfaces  belong  to  different  pieces, 
while  if  the  drawing  were  of  a  single  wedge  C,  it  should  not. 
This  is  unreasonable.     Also  the  statement:  "shade   the  lower 
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right  hand  quadrant  of  outside  circles,"  etc.,  violates  general 
practice,  by  which  a  semicircle  is  shaded,  if  at  all. 

Mr.  Ives  criticizes  the  proposed  rule  as  rather  vague,  asking 
"  if  a  ray  of  light  comes  from  a  point  almost  perpendicular  to 
the  paper  .  .  .  can  the  projection  of  that  ray  make  a  45-deg. 
line,  as  at  present?  "  Of  course  a  ray  of  light  exactly  perpen- 
dicular to  the  paper  projects  upon  it  only  as  a  point,  but  one  not 
exactly  perpendicular,  by  no  matter  how  small  an  amount,  has 
such  a  projected  direction,  which  indicates  in  what  direction  the 
ray  of  light  begins  to  incline. 

The  new  rule  requires  shading  as  if  light  were  nearly  per- 
pendicular to  the  paper,  but  not  exactly  so.  It  leans  slightly 
towards  the  original  or  traditional  position  of  the  light  upon  the 
drawing. 

There  are  a  number  of  points  in  mechanical  drawing  in  which 
practice  varies  and  which  could  well  be  standardized  by  a  com- 
mittee for  the  purpose.  Shading  is  only  one  of  these  points.  I 
suggest  that  members  consider  what  demand  there  is  for  uni- 
formity, and  at  some  near  future  time  take  steps  to  create  the 
proper  committee  either  to  act  alone  or  with  other  societies,  as 
may  prove  wisest. 


FIRE  PROTECTION 

At  the  Spring  Meeting  of  the  Society  in  Baltimore,  the  entire 
morning  session  on  May  22  was  given  over  to  the  presentation 
and  discussion  of  Fire  Protection,  and  the  following  papers  were 
read :  Baltimore  High-Pressure  Fire  Service,  by  James  B.  Scott, 
and  National  Standard  Hose  Couplings  and  Hydrant  Fittings 
for  Public  Fire  Service,  by  F.  M.  Griswold,  which  were  pub- 
lished in  The  Journal  for  March;  The  Life  Hazard  in  Crowded 
Buildings  Due  to  Inadequate  Exits,  by  H.  F.  J.  Porter,  and  The 
Protection  of  Main  Belt  Drives  with  Fire  Eetardant  Partitions, 
by  C.  H.  Smith,  published  in  The  Journal  for  May;  Debarment 
of  City  Conflagrations,  by  Albert  Blauvelt,  and  Allowable 
Heights  and  Areas  for  Factory  Buildings,  by  Ira  H.  Woolson, 
published  in  The  Journal  for  June.  The  discussion  follows  here- 
with. 

DISCUSSION 

W.  H.  Kenersox  said  that  he  had  been  unable,  after  reading 
Mr.  Porter's  paper  and  listening  to  the  discussion,  to  understand 
just  what  the  author  advocated.  The  first  paragraph  of  the  paper 
and  the  recommendation  for  legislation  in  the  last  would  lead  one 
to  suppose  that  he  pinned  his  faith  to  ready  exits;  whereas  the 
discussion  emphasized  the  importance  of  the  fire  wall.  While 
both  of  these  were  admirable  in  their  place,  they  did  not  afford 
complete  protection  either  singly  or  when  taken  together. 

Referring  to  the  statement  that  people  do  not  want  to  re- 
main in  a  burning  building  more  than  three  minutes,  the  speaker 
said  that  he  happened  to  be  present  at  the  start  of  a  very  quick 
fire  where  the  people  in  the  building  were  reluctant  to  stay  at 
all.  The}^  got  out  of  the  building  by  jumping  almost  as  quickly 
as  they  could  run  to  the  side  walls.  Even  with  adequate  exits 
it  was  plainly  evident  that  danger  could  not  be  eliminated.     In 
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buikliiig's  where  operatives  were  working  under  crowded  condi- 
tions some  people  would  be  burned  or  crushed  before  they  could 
get  out  in  case  of  a  severe  fire,  even  if  the  walls  were  open  all  the 
way  round,  owing  to  the  furniture,  machines,  etc.,  being  closely 
grouped.  The  panic  following  an  incipient  fire  was  often  worse 
than  the  fire  itself  and  did  more  damage.  Moreover,  in  some  of 
our  large  cities,  the  streets  in  the  neighborhood  of  office  buildings 
and  factories  were  so  narrow  and  would  be  so  hemmed  in  by 
the  crowds  rushing  toward  the  building  in  case  of  a  fire  that  it 
was  improbable  that  there  would  be  room  enough  in  the  street  to 
accommodate  the  operatives  who  were  leaving.  This  was  cer- 
tainly true  of  some  loft  buildings  in  New  York  City. 

Regarding  the  use  of  the  fire  Avail,  while  it  was  of  great  value 
in  certain  cases  and  places,  it  was  not  altogether  dependable.  AVas 
it  not  conceivable  that  fires  could  start  on  both  sides  of  a  par- 
tition at  once?  There  were  many  conditions  under  which  a  fire 
would  rapidly  spread  to  both  sides  of  a  partition  even  if  it  did 
not  start  on  both  sides,  as  for  example  in  a  flash  fire. 

The  author  very  properly  said  that  sliding  doors  inside  of  par- 
titions were  dangerous;  but  what  of  swing  doors?  These  should 
always  open  outward,  but  what  was  "  outward  "  in  a  partition 
that  must  be  used  in  both  directions?  Where  communication  was 
established  between  adjacent  buildings  even,  it  was  inevitable 
that  one  of  the  doors  would  open  the  wrong  way. 

There  was  only  one  paragraph  in  the  paper  about  preventive 
m.ethods  through  the  use  of  automatic  apparatus  in  conjunction 
with  other  things  for  preventing  fire  at  the  start.  It  was  unfortu- 
nate that  this  was  not  included  in  a  paper  of  the  general  scope 
of  the  one  under  discussion. 

He  believed  that  it  would  be  impossible  to  enforce  the  legisla- 
tion recommended  in  the  last  paragraph  of  the  paper  to  prevent 
architects  from  designing  buildings  which  could  be  emptied  in 
three  minutes.  Before  construction  such  a  matter  was  a  question 
of  opinion  rather  than  fact.  Moreover,  operatives  could  not  be 
prevented  from  crowding  or  becoming  panic  stricken  in  the  event 
of  a  fire  and  it  was  doubtful  under  such  circumstances  whether 
many  a  properly  designed  !»uilding  could  be  emptied  in  -3  minutes 
even  if  it  were  possible  to  enforce  the  first  recommendation. 

Henry  Hess.  I  am  neither  an  insurance  man  nor  a  sprinkler 
man.     I  have  had  some  experience  putting  up  factory  buildings 
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and  riiiiiiing  the  establishment  afterwards.  One  of  my  most 
interesting  experiences  of  that  character  I  had  in  Germany 
where  I  was  building  a  large  tool  works.  The  first  thing  I  ran 
afoul  of  was  the  law.  I  bring  this  up  particularly  because  Profes- 
sor Kenerson  has  indicated  that  it  was  his  belief  that  adequate 
legislation  was  absolutely  impossible,  if  not  as  to  securing  it  in 
the  first  place,  then  as  to  its  later  enforcement.  Now  that  is  a 
question  of  the  will  of  the  community.  If  the  community  really 
desires  enforcement  of  law  the  community  will  see  to  such  en- 
ftu'cement.  Firewall  partitions  such  as  Mr.  Porter  advocates 
are  very  useful.  In  the  case  of  the  German  factory  partitions 
were  installed  in  certain  cases  and  were  not  insisted  upon  in 
others;  but  there  Avas  an  insistence  upon  one  other  thing  of  pos- 
sibly far  greater  importance.  The  authorities  determined  a  cen- 
tral point  for  each  floor  area,  considered  the  number  of  people 
at  work  in  that  area,  and  then  insisted  that  there  must  be  an  ade- 
quate fireproof  staircase  within  a  certain  distance  of  that  cen- 
tral point.  The  size  of  the  stairway  was  made  to  increase  w^ith 
the  increase  of  that  distance,  which  latter  was  not  permitted  to 
exceed  a  certain  limit.  Moreover,  a  stairway  had  to  be  pro- 
vided at  not  merely  one  end,  but  at  two  ends  at  diagonal  corners 
so  that  there  was  a  possibility  of  reaching  a  stairway  in  two 
directions  from  a  central  point.  The  law  does  not  permit 
overcrowding.  Such  conditions  as  obtain  in  New  York  City 
loft  buildings  would  not  be  tolerated  in  the  countries  from  which 
the  people  who  run  the  industries  in  these  lofts  have  come  to  us. 
Why  should  our  communities  grant  them  such  permission  here? 
Panic  cannot  be  altogether  guarded  against  in  the  construction 
of  a 'building.  Sprinklers  do  not  constitute  a  full  safeguard. 
In  fact  if  you  were  to  send  down  a  douche  of  water  upon  an 
excitable  woman  when  she  smells  smoke  or  sees  fire  you  would 
most  certainl}^  not  cool  her  down.  Provide  what  safeguards 
you  will,  always  keep  the  crowds  down  to  a  point  where  even 
panic  stricken  people  cannot  seriously  jam. 

Geo.  I.  Rock  WOOD.  As  one  interested  in  the  general  subject 
of  fire  protection,  I  have  followed  closely  the  fire  statistics  of  the 
last  seven  or  eight  years  as  given  out  by  the  National  Fire  Pro- 
tection Association .  and  the  Factory  Mutual  Fire  Insurance 
Companies.  I  have  also  had  experience  Avith  the  manner  in 
which  automatic  sprinklers  operate  to  save  human  life,  having 
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been  responsible  for  the  installation  of  many  hundreds  of  thou- 
sands of  sprinkler  heads;  so  that  with  that  experience  back  of 
me  I  want  to  say  that  no  one  so  far  as  I  know  has  really  done 
more  to  convert  the  rather  obstinate  architectural  profession,  as 
well  as  the  equally  obstinate  members  of  the  profession  of  fire 
protection  engineering,  to  the  use  of  this  very  obvious  device 
for  getting  operatives  and  others  out  of  a  burning  room  and  into 
a  place  of  safety  than  has  Mr.  Porter. 

The  way  of  the  reformer  is  proverbially  difficult,  but  it  seems 
to  me  that  those  responsible  for  the  design  of  loft  buildings  have 
been  particularly  slow  in  appreciating  Mr.  Porter's  work.  Very 
likely  the  reason  for  this  Avill  be  found  in  Mr.  Porter's  scarcely 
concealed  contempt  for  the  automatic  sprinkler  as  a  life-saving 
device,  but  neither  Mr.  Porter  nor  anyone  else  has  yet  made  any 
proper  inquiry  into  the  history  of  automatic  sprinklers,  consid- 
ered solely  from  the  point  of  view  of  their  use  as  life  savers. 
They  have  been  regarded  altogether  as  property  savers,  and  are 
installed  in  buildings  for  that  purpose.  It  is  perfectly  clear 
that  every  time  a  sprinkler  operates  successfully  in  a  building  con- 
taining human  beings  it  is  potentially  a  life  saver.  The  question 
narrows  down,  therefore,  to  the  effect  of  sprinklers  in  preventing 
panic  conditions  in  buildings.  Do  they  prevent  panics  or  can 
they  be  made  to  prevent  them  ?  We  need  a  little  further  light  on 
this  subject  before  we  can  dogmatize  to  advantage  either  way, 
but  I  feel  confident  that  the  solution  of  the  problem  of  saving 
human  life  is  a  function  equally  of  the  use  of  Mr.  Porter's  cen- 
trally located  incombustible  partitions  and  the  proper  use  of 
automatic  sprinklers. 

In  the  average  case  of  a  fire  extinguished  by  automatic  sprink- 
lers three  or  four  heads  are  all  that  open  to  effect  the  result.  In 
the  case  of  quick  flash  fires  an  entire  roomful  of  sprinklers  may 
open,  seemingly  at  once,  without  any  appreciable  interval  of  time 
between  the  setting  of  the  fire  and  the  operation  of  the  sprinklers. 
The  question  naturally  arises,  would  such  instant  out-pouring  of 
water  be  an  advantage  or  a  disadvantage  to  a  room  more  or  less 
crowded  with  operatives?  No  sane  man  would  take  the  ground 
that  he  would  rather  be  in  such  a  room,  under  those  conditions, 
without  sprinklers.  In  a  recent  case  where  a  flash  fire  occurred 
in  the  first  floor  of  a  three-story  factory  filled  with  people  on 
every  floor,  a  can  of  material  in  which  gasolene  Avas  an  ingredient 
took  fire,  and  the  curious  fact  resulted  that  although  the  room  was 
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not  a  particularly  large  one,  and  there  were  many  men  at  work  in 
it,  not  a  man  got  out  of  the  room  without  getting  wet.  They  said 
afterwards  that  there  seemed  to  be  no  interval  of  time  between 
the  instant  when  the  can  Ihished  up  and  the  subsequent  out-pour- 
ing of  w^ater  from  all  of  the  sprinkler  heads  in  the  room. 

It  might  be  thought  that  where  a  factory  has  a  good  deal  of 
material  out  of  which,  say,  straw  hats,  or  lingerie,  are  made  the 
rapidity  with  which  the  fire,  once  started,  would  propagate  would 
insure  the  injurj^  of  everybody  in  the  room.  Such  a  view  w^ould 
fail  entirely  to  take  into  account  the  fact  that  when  the  fire  starts 
the  heated  gases  almost  instantly  rise  to  the  ceiling  where  they 
proceed  to  mushroom  out  and  open  the  sprinkler  heads  one  after 
another  much  faster  than  the  fire  can  propagate  itself  in  the 
material  on  the  floor.  This  is  not  a  matter  of  speculation;  it  is 
iin  observed  fact. 

There  are  classes  of  buildings  in  which  there  are  so  many  con- 
cealed spaces  in  the  wooden  walls,  wooden  partitions  and  wooden 
floors,  that  a  heavy  fire  may  conceivably  get  strong  headway  in 
some  concealed  space  before  it  showed  itself.  Under  such  cir- 
cumstances the  sprinklers  operate  at  a  disadvantage  and  merely 
act  as  a  check  to  the  spread  of  the  flames  until  the  arrival  of  the 
fire  department.  But  even  then  they  often  make  it  possible  for 
the  firemen  to  carry  their  hose  to  the  very  center  of  the  fire,  and 
thus  are  the  primary  cause  of  its  final  extinguishment. 

Mr.  Porter  would  do  well  to  add  to  his  crusade  in  favor  of  a 
central  fire  resistant  partition,  with  separate  means  of  egress  on 
opposite  sides  of  it,  a  further  demand  for  the  installation  of  auto- 
matic sprinklers,  and  he  will  be  surprised  to  see  how  much  more 
quickly  his  original  effort  at  reform  will  succeed. 

Harrington  E>rERSON.  In  making  comparative  investigations 
of  American  and  foreign  cities  what  strikes  one  most  is  the  much 
lower  fire  loss  in  German  cities  than  in  American  cities.  The 
reason  is  that  different  ideals  have  been  pursued.  Our  ideal  is 
to  get  there  immediately.  In  an  international  test  of  different 
fire  companies  at  Berlin  about  20  years  ago  it  took  the  Americans 
20  seconds  to  come  out,  couple  up  the  hose  and  begin  to  play  the 
water,  while  it  took  the  Germans  over  8  minutes  to  prepare  to 
fight  the  fire.  Nevertheless  the  fact  remains  that  the  fire  loss 
in  Germany  is  small  compared  to  what  it  is  in  this  country.  It 
is  not  because  they  have  buildings  that  cannot  be  burned,  because 
recently  in  Hamburg  a  number  of  incendiary  fires  occurred  with 
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severe  losses.  But  the  principle  of  the  (jennans  is  to  prevent 
fire,  not  to  fight  it  after  it  is  started;  while  we  have  gone  the  limit 
in  fighting  fire  after  it  is  started.  We  are  away  behind  tlie  rest  of 
the  world  in  preventing  fires  before  they  start.  Switzerland  is 
a  country  of  wooden  houses  3^et  the  per  capita  fire  loss  there  last 
year  was  only  2  per  cent  of  the  American  per  capita  loss. 

F.  B.  GiLBRETii.  There  is  no  doubt  but  that  standardization 
is  the  thing  more  than  any  other  one  thing  that  will  reduce 
the  number  of  fires ;  but  let  it  be  standardization  for  the  preven- 
tion of  fires  rather  than  means  for  killing  them  after  they  are 
started.  Fires  are  the  product  of  ignorance.  A  very  small  por- 
tion of  architects,  and  a  still  smaller  portion  of  engineers,  know 
how  to  build  a  building  that  will  not  burn  up.  There  has  been 
a  paper  written  on  the  subject  by  Charles  Whiting  Baker,  in 
which  he  adds  not  only  to  the  statistics  of  dollar  loss  but  also 
to  the  statistics  of  human  loss.  If  I  ren: ember  correctly  there  is 
a  badly  burned  human  being  on  the  theoretical  road  from  Chicago 
to  New  York  every  thousand  feet,  and  every  mile  there  is  a  man 
who  has  lost  his  life.  This  theoretical  street  consisted  of  a  double 
row  of  six-story  buildings,  and  these  buildings  burn  up  every 
year  in  the  United  States. 

I  have  seen  many  of  the  big  conflagrations  in  this  country : 
Toronto,  Rochester,  Baltimore,  San  Francisco  and  Sioux  City. 
A  careful  examination  of  all  those  ruins  shows  beyond  any  possi- 
bility of  doubt  that  if  we  tried  to  build  buildings  that  would  I)iirn 
up  we  really  could  not  do  a  much  better  job.  Reports  of  experi- 
ments carried  on  by  Professor  AVoolson  in  New  York  City  dur- 
ing the  last  ten  years  contain  much  valuable  information  upon 
this  subject. 

We  face  an  entirely  new  situation  today  with  the  advent  of 
concrete,  which  when  n7ade  with  the  proper  aggregates,  such  as 
trap  rock  and  the  right  kind  of  sand,  is  of  tremendous  assistance 
in  resisting  the  spread  of  fires.  In  fact,  we  are  not  depending 
on  any  of  the  old  types  of  construction  and  fireproofing  schemes 
for  preventing  the  spread  of  fires.  Let  us  have  buildings,  to 
begin  with,  that  will  not  aid  the  spread  of  fire. 

I  suggest  for  the  consideration  of  the  Society  an  exhibit  room 
to  which  engineers,  architects  and  insurance  companies  may  come 
and  satisfy  themselves  that  there  is  not  a  single  thing  in  con- 
struction today  that  cannot  be  made  better  and  quite  as  cheaply 
out  of  absolutely  incombustible  material. 
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James  U.  Scott,  Education,  it  has  been  said,  should  properly 
begin  with  one's  grandparents,  and  undoubtedly  the  time  to  begin 
fighting  a  fire  is  before  it  begins.  But  granting  that  the  ''  eu- 
genics ''  of  fire  fighting  have  been  properly  observed,  there  will 
always  remain  the  possibility  of  accident  or  incendiarism,  giving 
rise  to  a  hand-to-hand  conflict  with  man's  ancient  enemy.  The 
ships  that  can  deliver  more  shells  and  heavier  shells,  in  a  given 
time  and  within  a  given  area,  and  can  begin  delivery  a  few  min- 
utes earlier  than  the  enemy,  are  usually  awarded  the  victory  in  a 
modern  naval  engagement.  The  fire-fighting  system  which  can 
deliver  enough  water,  at  a  suitable  pressure,  just  where  it  is 
needed,  and  can  begin  deliveiy  in  the  fewest  possible  minutes 
after  the  discovery  of  a  dangerous  fire,  is  approaching  the  coveted 
100  per  cent  efficiency  in  its  limited  field,  as  distinguished  from 
the  wider  province  of  fire  prevention. 

H.  F.  J.  PoRTEi{.  There  is  no  need  for  closing  the  discussion 
on  my  paper,  which  simply  points  out  the  inadequacy  and  danger 
of  the  stairway.  Such  criticism  as  has  been  made  has  been  an- 
swered in  the  discussion  itself. 


PRACTICAL    OPERATION    OF   GAS   ENGINES 
USING  BLAST-FURNACE  GAS  AS  FUEL 

By  Charles  C.  Sampson,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

The  paper  discusses  the  following  features  upon  which  the  operation 
of  gas  engines  using  blast-furnace  gas  as  fuel  depends :  present  methods, 
improved  apparatus,  gas  mains,  suggested  improvements  in  scrubber  de- 
signs, gas  regulation,  protection  from  freezing,  signal  systems,  protection 
from  explosions,  and  the  value  of  operation  records. 

Under  the  engines  themselves  are  considered  the  operators,  air  starting 
system,  water  jacket  cleaning,  cylinder  oil,  engine  oil  and  engine  oil  sys- 
tems, ignition  and  prematuring. 

DISCUSSION 

Fred.  H.  Wagner.  From  reports  received,  I  find  that  with 
practically  the  same  character  of  apparatus,  (a)  dry  dust  clean- 
ers, (b)  some  sort  of  static  towers  like  the  Czchokke  or  Stein- 
bardt,  and  (c)  the  Theisen  washer,  the  final  cleaning  varies  be- 
tween 15  cents  and  62  cents  per  100,000  cu.  ft.  of  blast-furnace 
gas  cleaned;  this  being  based  on  $10  per  1,000,000  gal.  of  water 
and  1  cent  per  kw-hr.  The  great  discrepancy  in  these  final  fig- 
ures has  led  to  the  question  as  to  why  such  discrepancies  should 
exist.  The  answer  is  a  difficidt  one  to  give;  for  instance,  at  one 
blast  furnace  the  final  cleaning  based  on  100,000  cu.  ft.  of  gas 
costs  Gl  cents,  at  another  47  cents,  at  another  42  cents,  at  another 
25  cents,  at  another  20  cents,  at  another  19  cents,  and  at  another 
15  cents. 

Mr.  Sampson  mentioned  that  some  new  apparatus,  which  is 
along  the  line  of  mechanical  disintegrators,  claimed  to  use  about 
20  gal.  of  water  per  1000  cu.  ft.  of  gas  for  the  whole  cleaning 
process,  and  to  operate  on  less  power  than  the  Theisen  washers; 
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also  that  with  the  present  process  from  90  to  100  gal.  are  used  for 
the  entire  cleaning  process. 

At  the  last  meeting  of  the  West  of  Scotland  Iron  and  Steel 
Institute,  B.  W.  Head  read  a  paper^  giving  the  results  of  his 
visit  on  the  European  continent,  for  the  purpose  of  examining 
blast-furnace  conditions.  After  calling  attention  to  the  failure 
of  the  Scottish  steel  manufacturer  to  take  advantage  of  the  im- 
proved methods  adopted  in  Germany,  Belgium  and  France,  he 
takes  up  the  subject  of  washing  blast-furnace  gases  for  gas-en- 
gine purposes  and  points  out  the  difference  in  the  methods  prac- 
tised in  the  British  Isles  and  those  used  on  the  Continent,  men- 
tioning especially  the  Feld  vertical  centrifugal  washer  for  the 
cleaning  of  gas. 

Besides  the  Theisen  washer  mentioned  by  Mr.  Sampson,  and 
the  Feld  washer,  there  is  a  third,  the  Schwarz.  The  last  two  are 
attracting  a  great  deal  of  attention  in  Europe  in  connection  with 
this  process.  They  require  less  power  than  the  Theisen  washer, 
and  the  Feld  requires  considerably  less  power  than  the  Schwarz. 

At  the  blast  furnaces  in  Donawitz,  where  1,600,000  cu.  ft.  of 
blast-furnace  gas  is  treated  per  hour,  the  total  power  with  the 
Schwarz  washers  amounted  to  from  12'!  to  128  h.p.  At  the  blast 
furnaces  in  Pompey,  France,  of  exactly  the  same  capacity,  the 
Feld  washers  used  from  50  to  55  h.p.,  the  power  given  including 
the  necessary  power  for  exhausters.  Unfortunately  in  my  data 
on  the  Schwarz  washers,  I  have  not  the  power  of  the  washer  and 
the  exhausters  separate;  however,  for  the  Feld  washers,  the 
washer  power  amounted  to  from  15  to  20  h.p.  and  for  the  ex- 
hausters 35  h.p.  This  great  difference  in  power  requirements  is 
due  to  the  fact  that  the  Feld  washer  throws  absolutely  no  back 
pressure — the  washer  operating  with  an  even  gage  on  both  the 
inlet  and  outlet,  while  the  Schwarz  washer  throws  a  considerable 
back  pressure. 

In  speaking  of  the  quantity  of  water  required  for  cleaning  the 
gas,  I  would  mention  that  two  factors  enter  into  this  discussion : 
(a)  being  the  cooling  of  the  gas  to  a  temperature  which  retains 
the  heat  units  and  at  the  same  time  reduces  the  volume  of  the  gas 
to  the  smallest  possible  compass  in  order  to  avoid  large  gas-en- 
gine cylinders.    The  cooling  of  the  gas  is  a  thermal  question,  and 
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the  ainouiit  of  water  required  is  determined  by  the  amount'  of 
water  vapor  which  carries  the  heat  contained  in  the  gas.  This 
amount  of  water  Avould  be  necessary,  no  matter  in  what  sort  of 
washer  the  gas  is  cooled,  as  a  certain  number  of  heat  units  must 
be  extracted,  and  the  water  cannot  take  up  any  more  than  its 
temperature  will  permit. 

With  a  temperature  of  500  deg.  fahr.  and  treating  5,400,000 
cu.  ft.  of  gas  per  hour,  with  the  gas  coming  from  two  furnaces, 
reducing  this  temperature  to  8C  deg.  fahr.  requires  about  81  gal. 
of  water  per  1000  cu.  ft.  of  gas.  The  cleaning  of  the  gas  after 
the  water  is  cool,  is  done  by  the  hot  water  from  the  cooling  cham- 
bers, about  one-quarter  of  the  amount  given  above,  or  7i/2  gal., 
being  run  into  the  washing  chambers  of  the  Feld  washer.  For 
this  purpose  the  Feld  washer  is  built  in  seven  sections,  the  upper 
four  acting  as  cooling  chambers  and  the  lower  three  as  cleaning 
chambers.  It  is  a  known  fact  that  if  an  impalpable  powder  be 
placed  on  a  floor,  and  cold  water  is  thrown  on  it,  the  water  forms 
globules  on  the  surface  of  the  particles,  but  if  hot  water  is  thrown 
on  the  powder,  it  immediately  mixes  and  forms  a  mud.  This  is 
the  principle  on  which  the  Feld  washer  is  operated.  Each  one  of 
the  sections  of  this  Avasher  contains  a  series  of  perforated  ti-un- 
cated  cones,  the  lower  ends  of  the  cones  dipping  into  the  water, 
and  by  the  revolving  of  these  cones,  given  a  periphery  speed  of 
1600  ft.  per  min.,  the  water  is  carried  up  inside  these  cones  and 
hurled  out  through  the  perforations  in  a  finely  divided  spray. 

Those  conversant  with  dust  washing  Avill  admit  that  the 
proper  method  to  wash  dust  out  of  gas  is  to  bring  the  gas  into 
intimate  contact  with  the  smallest  particles  of  water  possible, 
and  this  is  done  in  the  Feld  washer. 

In  a  lead  smelting  furnace,  where  these  Feld  washers  are  in 
use,  these  washers  recover  six  tons  of  dust  containing  from  80 
to  100  per  cent  lead  every  24  hours  and  entirely  remove  the  lead 
particles,  which  formerly  escaped  into  the  atmosphere  to  the  det- 
riment of  the  surrounding  vegetation. 

In  the  l)last-furnace  plant  at  Pompey,  France,  where  the  Feld 
washers  are  also  in  use  for  cleaning  blast-furnace  gas  for  gas-en- 
gine purposes,  I  would  state  that  prior  to  the  use  of  the  Feld 
washers,  it  was  necessary  to  open  up  the  valve  chests  on  the  en- 
gines about  once  every  ten  days  and  remove  the  accumulated 
dust;  since  the  installation  of  the  Feld  system,  it  has  become  nec- 
essary to  open  up  the  valve  chests  (mly  about  once  every  three 
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months.  These  washers  have  been  in  continuous  operation  for 
about  30  months  without  one  moment's  shutdown  for  cleaning  or 
repairs,  the  washers  being  self-cleaning,  the  water  carrying  the 
dust  leaves  the  washer  in  the  shape  of  a  mud,  which  is  easily  han- 
dled by  means  of  centrifugal  pumps. 

The  aim  of  the  modern  engineer  is  to  reduce  the  cost  of  opera- 
ti(m  and  at  the  same  time  to  secure  better  results.  This  has  led 
to  the  Feld  washer,  and  I  would  earnestly  recommend  anyone 
treating  furnace  gases  for  gas-engine  purposes  to  investigate  the 
Feld  washer  before  purchasing  other  apparatus,  as  the  first  cost 
of  the  initial  installation,  as  well  as  the  ground  space  occupied 
is  less  than  with  the  use  of  static  towers. 

A  washer  of  the  Feld  type  has  just  been  placed  in  the  works 
of  the  American  Smelting  and  Eefining  Company  at  Maurer,  N. 
J.,  for  the  purpose  of  removing  the  last  traces  of  gold,  silver, 
lead  and  silenium  from  the  gas  which  comes  from  the  mud  cupel , 
furnaces. 

In  order  to  clean  100,000  cu.  ft.  of  blast-furnace  gas  for  gas- 
engine  purpose,  or  so  that  the  final  gas  does  not  contain  more 
than  0.01  grains  of  dust  per  cu.  ft.  and  to  reduce  the  temperature 
from  500  deg.  to  86  deg.  fahr.  would  cost  with  the  use  of  nine 
Steinbardt  coolers  with  the  necessary  Theisen  washers,  less  labor 
and  exhauster  power,  14%  cents;  with  nine  Steinbardt  coolers 
and  Schwarz  washers,  11  cents;  and  with  three  Feld  primary 
and  two  Feld  final  washers,  5.2  cents.  This  is  based  on  the  cost 
of  water  at  $10  per  1,000,000  gal.  and  power  at  1  cent  per  kw-hr. 
in  a  plant  capable  of  handling  5,400,000  cu.  ft.  of  gas  per  hour. 


The  author  did  not  desire  to  ]»res(>nt  a  closure. — Editor. 
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Particular  attention  is  called  this  month  to  the  be^'innino-  of 
an  abstract  of  the  work  of  Professor  Allievi  on  the  theory  of 
water  hammer,  which  immediately  upon  its  publication  in  the 
original  attracted  wide  attention  among  hydraulic  engineers  in 
France,  Germany  and  Switzerland.  The  abstract  is  made  from 
a  French  translation  because  the  original  Italian  publication  is 
not  available.  It  appears  that  the  problem  of  Avater  hannner  in 
the  modern  hydraulic  installations  working  with  high  heads  and 
large  masses  of  water,  is  seriously  interesting  the  European  engi- 
neers, if  one  may  judge  from  the  number  of  articles  on  this  ques- 
tion. Thus,  besides  the  Allievi  article,  an  abstract  is  also  given 
in  this  issue  of  The  Journal  of  an  article  of  de-Sparre,  and  in  an 
early  issue  there  will  appear  an  abstract  of  a  report  on  the  same 
subject  by  the  French  Commission  on  Turbines. 

THIS    month's    articles 

A.  MagTian  shows  that  valual)le  data  for  the  construction  of 
monoplanes  may  be  derived  from  an  examination  of  the  "  de- 
sign "  of  birds,  particularly  of  birds  of  prey,  and  also  brings  out 
the  interesting  fact  that,  with  the  exception  of  their  lengths,  the 
present  day  monoplanes,  in  their  proportional  dimensions,  ap- 
proach very  closely  the  bird  of  prey.  Gastambide  and  Levavas- 
seur  describe  the  construction  and  explain  the  principle  of  their 
aero-parachute,  a  flying  machine  which,  with  the  engine  stopped, 
would  slowly  drop  to  the  ground  like  a  parachute.  Brief  ab- 
stracts on  the  Joukowski  supporting  planes  and  Canovetti  ex- 
periments on  resistance  of  air  to  moving  bodies  are  also  to  be 
found.  The  secti(m  Hydraulics  is  particularly  interesting  this 
month,  there  being,  in  addition  to  the  above-mentioned  articles 
of  Allievi  and  de-Sparre.  reports  of  articles  on  turbine  regula- 
tion and  on  axial  flow  pumps.  In  the  section  Mechanics  are 
given  articles  on  graphic  determination  of  moments  by  a  com- 
bination of  the  Nelils  and  funicular  polygon  methods,  as  well  as 
a  brief  statement  concerning  the  calculation  of  shafts  having 
several  beamings.    A  discussion  of  steam  consumption  of  exhaust 
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steaiii  iuid  coinhiiicd  turbines  by  Ivoedor  iiidicides,  ninoiig-  other 
things,  the  possible  use,  in  connection  with  that  chiss  of  turbines, 
of  graphically  determined  lines  instead  of  curves  determined 
experimentally,  for  guarantee  purposes  of  live  steam  consump- 
ti(m.  Other  articles  describe  an  apparatus  for  preheating  feed- 
water  by  exhaust  steam  and  the  construction  of  a  sectional  boiler 
adapted  to  be  used  with  lignite  briquettes.  Some  test  data  as  to 
centrifugal  pumps,  and  a  brief  discussion  as  to  their  advantages 
and  disadvantages  as  compared  with  reciprocating  pumps  is  also 
given.  In  the  section  of  Strength  of  Materials  and  Materials  of 
Construction,  Fremont  explains  the  peculiar  formation  of  uni- 
form folds  in  metal  tubes  compressed  to  the  point  of  collapsing, 
the  other  articles  indicating  the  importance  of  the  presence  of 
nitrous  compounds  for  the  production  of  rusting  of  iron  ;  an  etch- 
ing solution  for  determining  defects  in  autogenously  welded 
pieces,  and  data  of  compression  tests  of  vulcanized  fiber,  hard 
rubber  and  metal  for  stuffing  box  packing. 

Aeronautics 

Data  for  the  Construction  of  an  Ideal  Monoplane  Taken  from  Char- 
acteristics OF  Birds  (Donndcs  pniir  la  constnictinn  (Vun  monoplan  iddal 
tirces  de  churacteristigues  des  Oiseaux,  A.  Maguan,  Comptes  rcndus  de 
VAcaddmie  des  Sciences,  vol.  1.56,  no.  23,  p.  1746,  June  9,  1913,  2%  PP-,  t). 
The  author  asserts  that  the  mechanical  characteristics  of  the  flying  ap- 
paratus of  birds  varies  in  accordance  as  they  use  habitually  sailing,  soar- 
ing or  flapping  flight.  Birds  of  prey,  preferably  using  soaring  flight,  have 
a  large  surface  of  wings,  small  motive  plant  represented  by  undersized  pec- 
toral muscles,  wide  span  across  the  wings,  fairly  wide  wings  and  long  tails, 
while  birds  using  flapping  flight  mainly,  such  as  sparrows,  pigeons,  etc., 
have  wings  of  small  surface,  powerful  pectoral  muscles,  short  span  across 
the  wings,  wide  wings  and  fairly  long  tails.  The  typo  of  bird  nearest  ap- 
proa<'hing  in  its  flight  to  the  monoplane  is  the  bird  of  prey,  and  the  author 
investigates  what  would  be  the  dimensions  of  a  monoplane  possessing  the 
same  characteristics  as  a  bird  of  proy,  assuming  an  entire  pro])(ti-tionalily 
of  dimensions.  The  author  has  found  the  following  i-elations  for  daylight 
birds  of  prey  : 

Ratio  of  surface  of  wings,  in  cm.  sq.,  to  the  surface  of 
the  body  8  =  V^PT 2.1.2 

Ratio    of    weight  of  wings,  in  gr.,  to  the  weight  of  the 
body   P 197 

Ratio   of   span    across    the   wings,    in    cm.,    to   length    of 
body  I  ^  </'¥'. 13.3 

Ratio  of  width  of  wing  in  the  middle,  in  cm.,  to  length 
of  body  I  =  VTv 2..36 

Ratio  of  length  of  tail,  in  cm.,  to  leng^^h  of  body 2,00 

Ratio  of  actual  length  of  body  to  /  ^    ^f  P 5.9 
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Tlio  aiillutr  proceeds  to  show  lluit  .111  ideal  inoiioplaiie  forrespoiidiii;^  in 
its  characteristics  to  a  bird  of  prey,  and  having  a  weight,  in  flight,  of  .500 
kg.   (1100  lb.),  wonld  have  the  following  characteristics: 

Wing  surface 14.70  qni 157.3     sq.  ft. 

Weight  of  wings .'  .08.5     kg 21G.7     lb. 

Span  across  the  wings 10.5     ni 34.4     ft. 

Width    of    wing 1.87  ni 6.13  ft. 

Length  of  tail 2.0(1  ni 6.75  ft. 

Ijength  of  apparatus 4.67  ni 15.3     ft. 

This  shows  that  the  apparatus  designed  in  accordance  with  the  scheme 
evolved  from  a  study  of  birds  would  be  shorter  than  those  used  at  present, 
but  in  other  characteristics  would  approach  the  bird  of  prey  type  more 
closely  than  usually  believed.  This  metliod  facilitates  the  proportioning  of 
a  monoplane  for  a  given  weight,  but,  in  the  form  given,  applies  only  to 
machines  designed  to  fly  above  ground  (i.  e.,  to  the  exclusion  of  flying 
boats). 

Experiments  on  the  Resistance  of  air  to  Bodies  Moving  in  it  (Er- 
p6ricnccs  relatives  a  la  7'(^sistance  an  movement  des  eorps  dans  Vair,  Cano- 
vetti,  Bulletin  de  la  Soclete  d' Encouragement  pour  I'lndustrie  Nationale, 
vol.  110,  no.  5,  p.  633,  2  pp.,  e).  Brief  report  of  the  experiments  on  air  re- 
sistance. The  experimenter  used  a  four-cycle  carriage  running  on  an  in- 
clined funicular  railroad  (while  the  latter  was  not  in  commercial  opera- 
tion), with  a  bamboo  scaffold  carrying  different  planes,  from  2  to  8  qm. 
(21.5  to  86.1  sq.  ft.)  area,  at  speeds  from  5  to  over  17  m.  (16.4  to  over  55 
ft.)  per  sec.  It  has  been  found  that  the  resistance  is  not  proportional  to 
the  square  of  the  speed,  but  varies  in  accordance  with  the  formula  0.4  V  + 
0.03  F^  The  author  of  the  report,  M.  Lecornu,  criticizes  the  method  used 
by  Canovetti,  and  points  out  various  possible  sources  of  error,  recognizing 
however  the  main  advantage  of  the  method  of  Canovetti,  that  it  does  not 
require  elaborate  apparatus. 

JouKowsKi  Supporting  Plane  Problems  (Two  articles:  On  Pressure 
Distribution  Along  Joukowski  Planes,  Uber  die  Druckrevteiliiiig  liinf/s 
JoHkoirsJciscIicr  TragfldeJien,  Otto  Blumenthal,  Zcits.  fiir  Flugteehnik  und 
Motorluftsrhiffahrt,  vol.  4,  no.  10,  p.  125,  May  31,  1913;  and  Graphic  Con- 
struction OE  Joukowski  Supporting  Planes,  GrapJiische  Knnstniktion 
■loukowskischer  Tragfldclicn.  E.  Trefftz,  ibidem,  p.  130).  The  first  article 
contains  a  mathematical  investigation  of  pressure  distribution  along  Jou- 
kowski supporting  planes,  as  well  as  a  discussion  of  their  characteristics. 
The  author  shows  among  other  things  that  in  this  plane  there  is  a  powerful 
suction  action  along  the  upper  surface  of  the  plane  which  is  the  main  ele- 
ment in  the  supjiorting  effect  of  the  plane,  the  pressure  on  the  lower  sur- 
face contributing  to  it  only  in  a  moderate  degree.  The  second  article  con- 
tains a  description  of  a  method  for  constructing  a  Joukowski  supporting 
plane  graphically. 

Aebo-parachute  (Sur  tin  Aeroparachiite,  Levavasseur  and  Gastambide, 
Comptes  rendus  des  seanees  dc  VAeademie  des  Sciences,  vol.  156,  no.  23. 
1748,  June  9,  1913,  3  pp.,  4  flgs.,  d).    The  apparatus  described  is  an  aero- 
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plane  with  variable  surface  and  incidence  wliicli  can  fly  on  all  descending 
trajectories  acting  as  a  parachute.  It  consists  of  two  wings  and  a  sym- 
metrically placed  body,  the  wings  being  of  variable  area,  and  consisting 
each  of  three  parts:  a  tixed  part  of  trapezoidal  shape,  say  (2  +  2)  :  2x5, 
or  7.5  qm  (80.6  sq.  ft.)  area,  and  two  movable  parts,  each  formed  of  two 
group  of  shutters.  The  entire  wing,  developed,  has  the  form  of  a  semi- 
circle, of  radius  5  m  (16.4  ft),  and  area  37.5  qm  (403.5  sq.  ft.).  These 
wings  are  articulated  on  a  frame,  and  can  take  any  desired  position,  from 
horizontal  to  vertical,  the  frame  in  its  turn  being  articulated  on  the  body 
of  the  machine  which  permits  varying  the  angle  of  the  body  with  resjiect 
to  the  wings  from  0  to  90  deg.  Tlie  manoeuvring  witli  the  four  folding 
wheel  sections  as  well  as  the  variation  of  tlie  angle  of  incidence  and  of 
V  are  independent  of  one  another,  but  a  special  apparatus  may  make  all 
tliese  operations   co(irdinated   in   view   of  producing  parachute   tliglit   and 
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Fig.  1      Aero-Parachdte 

parachute  state.     The  ai)paratus  has  no  rudder,  and  is  steered  by  varying 
the  folding  sections  of  the  wings  (cp.  Fig.  1,  A  and  B). 

In  the  following  a  study  of  the  jiaracbute  state  is  presented,  the  varia- 
tions of  folding,  incidence  and  1  being  coordinated,  the  incidence  varying 
from  10  to  30  deg.,  surface  of  wings  from  15  to  75  qm  (161  to  806  sq.  ft.), 
and  y  decreasing  4  deg.  When  the  incidence  varies  from  30  to  00  deg., 
the  surface  of  the  wings  remains  constant  at  75  qm  (806  sq.  ft.),  and  Y 
decreases  20  deg.  From  the  curves  of  drag  and  push  (Fig.  1,  Z>),  with  the 
area  of  surface  only  varying,  the  directi(ni  of  the  body  being  always  that 
of  the  air  stream  lines,  it  is  apparent  that  when  the  angle  of  incidence 
varies  from  10  to  90  deg.,  the  angle  y  (angle  between  the  resultant  and 
vertical  line)  varies  in  the  same  sense,  and  takes  practically  the  same 
values;  it  appears  further  that  to  each  value  of  7    there  corresi)ond  two 
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t 
vjilufs  ul    the  ralid .,  one  for  an   aiitrle  of  incidence  less  llian  the  most 

l'avoi-al)le,  and  llie  otlier  for  one  greater  tlian  tlie  most  favorable  angle  of 
incidence.  There  are  apparently  two  ways  of  descending:  one,  volplaning, 
the  incidence  of  the  wings  essentially  that  of  the  trajectory,  this  being  the 
way  of  landing  of  the  present  aeroi)lanes ;  the  other,  parachuting,  with  the 
wings  remaining  horizontal,  as  in  the  aero-parachute  proposed  by  the 
authors  (cp.  Fig.  1,  C).  The  tests  made  by  the  authors  have  shown  that 
the  resultant  Intersects  the  chord  of  the  wing  at  a  point  which  varies  as 
a  function  of  the  angle  of  incidence,  the  displacement  of  this  point  of  in- 
tersection being  favorable  to  the  maintenance  of  stability  for  variations 
of  angle  of  incidence  from  10  to  90  cleg.,  but  dangerous  for  10  to  — 5.5  deg. ; 
in  the  latter  case  the  stability  is  "  differential,"  and  is  maintained  by  the 
rudder  and  balancing  planes  solely.  Only  angles  of  incidence  from  10  to 
90  deg.  are  to  be  used  in  the  apparatus  designed  by  the  authors,  additional 
stabilization  being  provided  by  locating  the  center  of  gravity  of  the  ap- 
paratus on  the  prolongation  of  the  resultant. 

Hydraulics 

TiiKORY  OF  Water  Hammer  (Th&jric  du  coup  dc  Jjclicr,  Professor  Tv.  Al- 
lievi,  Bulletin  technique  ilc  la  Suisse  Roimindc,  vol.  39,  no.  11,  p.  121.  June 
10,  1913,  3  pp.,  serial  article,  to  be  continued,  tA).  A  discussion  of  the 
theory  of  water  Iiammer.  In  another  investigation  the  author  has  shown 
that  the  variations  of  load  along  a  water  conduit  travels  with  a  speed  a 
given  by  the  formula : 


a       g\.     E     e) 


[1 


where  «  =  the  density  of  the  liquid;  e  =  modulus  of  elasticity  of  the 
licpiid;  B  =  modulus  of  elasticity  of  the  material  of  the  walls  of  the  con- 
duit; /)  =  diameter  of  the  pipe,  and  e  its  thickness.  If  in  formula  [1]  it 
be  assumed  that  w=1000  kq/m^  (62  lb.  per  cu.  ft.)  and  e=  2.07x10'  ng/m'' 
(294,3.55  lb.  per  sq.  in.)  the  following  is  obtained: 
9900 

a   =  —^==-=z [1«] 

\/48.3  +  ^.Z):e 

where  K  ■—  0.5  for  wrought  iron  and  steel  pii)es,  and  K  =  1.0  for  cast  iron 
pipes,  the  value  of  a  varying  between  000  and  700  m/sec.  (1968  to  2296  ft. 
per  sec.)  for  thin-walled  pipes  of  large  diameter,  and  1200  to  1.300  m/sec. 
(39.36  to  4264  ft.  per  sec.)  for  thick-walled  pipes  of  small  diameter.  The 
author  formerly  showed  that  the  variable  load  //  (in  meters  of  water), 
and  the  variable  velocity  v  in  any  section  of  a  conduit  of  variable  output, 
are  expressed  by  the  following  equations : 

y  =  ;/o  +  F  +  /  and  y  ^-  Vo  —  ^XF  —  f) [2] 

a 
t  being  time,  and  x  the  abscissa  of  the  section  under  consideration  meas- 
ured along  the  axis  of  the  conduit  in  a  sense  opposite  to  that  of  the  velocity 
V,  which  is  equivalent  to  saying  that  F  represents  a  variable  positive  or 
negative  load  traveling  in  tlie  direction  -I-  x  witli  a  velocity  a,  while  /  repre- 
sents a  variable  load  traveling  with  the  same  velocity  a  in  a  direction  —  x. 
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AVilli  (■(•i-(;iiii  limit  condilions  iutroduced,  equation  12J  may  he  used  for  de- 
tei-miniii;L?  the  values  of  F  and  /  for  each  instant  t  and  each  ahscissa  x,  so 
as  to  permit  the  numerical  solution  of  all  problems  concerning  variable 
flow  of  water  in  conduits.  In  particular,  in  the  case  of  a  conduit  of  length 
L  fed  at  its  upper  end  (ahscissa  =  L)  from  a  reservoir  (constant  level), 
and  having  at  its  lower  end  (ahscissa  =  0)  an  outlet  opening  of  which  the 
cross-section  may  be  varied  by  means  of  pipe  closer,  the  values  of  the  func- 
tion f  in  any  section  of  abscissa  x  and  at  any  instant  t,  are  always  equal 
in  magnitude  but  opposite  in  sign,  to  those  of  function  F  for  the  same 
abscissa,  but  for  the  instant  preceding  i  by  2  {L  —  x)  :  a,  which  is  the 
time  required  to  travel  twice,  at  velocity  a,  through  the  part  of  the  con- 
duit of  length  L  —  x,  separating  the  section  of  abscissa  x  from  the  feed 
reservoir.    This  may  be  expressed  by  the  equation : 

./      -A         ../       X     2{L-x)\  (      X     2L\ 

and  may  be  interpreted  by  saying  that  the  phenomenon  develops  as  if 
each  overload  F  traveling  from  the  outlet  orifice  towards  the  reservoir 
(direction  -f  x)  were  reflected  from  the  reservoir  with  a  negative  sign  and 
sent  back  towards  the  pipe  closer  (direction  —  x).  The  values  of  pertur- 
bations (i.  e.  water  hammer)  in  any  section  of  abscissa  x  produced  by 
moving  the  pipe  closer,  become  therefore  fully  known  as  soon  as  the  per- 
turbations are  determined  in  the  section  a?  =  o,  at  the  pipe  closer,  where 

/(0  =  -Fh-^l [3o] 


■(-t) 


By   means   of   the  LJernouilli   equation   applied   to   the  li(iui(l   .jet   lilowing 

from  the  outlet  opening,  it  is  very  easy  to  calculate  series  of  numorical 

values  of  F  for  the  abscissa  x  =  o  and  for  instants  *  separated  from  one 

2L 
another  by  intervals  --  or,  with  F  known,  it  becomes  easy  to  calculate  / 

2L 
for  the  same  abscissa  and  time  —  seconds  later.     The  author  calls  the  in- 

a 

2L 
terval  —  the  Jcnglh  of  the  pliasc.  and  designates  it  by  ya. 

On  the  liasis  of  the  above  stated  fundamentfil  conceptions,  the  autlior 
l»roceeds  to  establish  a  theory  of  water  hammer,  chanicterized  among 
other  things  by  the  following  tliree  novel  features:  (a)  systematic  use  in 
all  formulas  of  relative  values  of  variable  quantities,  i.  e.,  the  ratio  of 
their  absolute  value  to  their  initial  value  as  a  unit ;  (h)  selection  of 
velocity  of  discharge  or  rather  its  relative  value,  as  the  main  variable  in- 
stead of  load,  the  new  variable  being  obviously  equal  to  the  square  root 
of  the  relative  value  of  load;  (c)  selection  in  all  cases  of  n  for  unit  of 
time,  this  permitting  the  reduction  of  all  conduits  to  a  common  unit  and 
leaving  out  of  calculation  the  influence  due  to  the  length  of  conduit.  By 
these  means  the  laws  governing  the  water  hammer  phenomena  may  lie 
expressed  as  functions  of  only  two  parameters,  one,  which  the  author  calls 
eonduit  eharacteristic  and  designates  liy  p,  completely  defining  the  conduit 
when  operating  at  uniform  rate,  and  the  other  /j.  indicating  the  speed  of 
operating  the  pipe  more  closely. 
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Axial  Flow  Tumps  {tihcr  A-rialpuiiijicii,  I'l-ofessor  Wmkc'i'imcIi.  Z(il>i.  fin- 
das  gcsa)nic  Ti(rhincnivcscii,  vol.  10,  uos.  Ki  and  17,  pp.  2i1  and  2;j'2,  7  pp., 
12  figs,,  at).  Owing  to  lack  of  s])aci',  only  the  main  conclusions  of  this 
very  interesting  investigation  can  here  be  given.  The  author  shows  that 
for  each  axial  flow  turbine  there  is  a  minimum  quantity  of  water  below 
which  stable  operation  of  the  pump  cannot  be  secui'ed  (lower  limit  of  regu- 
lation). This  limit  of  stability  lies  all  the  deeper  as  the  ratio  of  peripheral 
speed  to  the  head  is  greater.  It  is,  therefore,  of  advantage  to  build  axial 
flow  pumps  with  large  peripheral  speeds,  even  though  this  may  be  done  at 
a  sacrifice  of  possible  efficiency.  The  pi'actlcal  possibilities  of  axial  flow 
pumps  do  not  appear  to  be  great.  The  simplicity  of  construction  is  an  argu- 
ment in  their  favor;  their  disadvantages  lie  in  limited  regulation,  and  low 
starting  head.  In  addition  to  that  there  is  another  possible  disadvantage, 
and  that  is  higher  friction  and  eddy  losses.  In  radial  flow  pumps  it  has 
been  established  that  the  efliciency  is  the  greater,  the  smaller  in  proportion 
to  the  useful  output  are  the  external  surface  of  the  runner  and  its  peri- 
pheral speed.  In  axial  flow  pumps  the  surfaces  under  friction  are  hardly 
smaller  than  in  radial  flow  pumps,  while  their  average  speefl  is  much 
greater.  It  is  therefore  likely  that  the  losses  are  also  proportionally 
greater.  Further  tests  and  data  are,  however,  necessary  before  it  may  be 
said  that  axial  flow  pumps  are  practically  inapplicable. 

Regulation  of  Hydraulic  Turbines  (Note  sur  la  Rc(/ulaMon  dct  titr- 
hines  Jiydraiiliqucs,  Professor  Ch.  Dekeyser,  Bulletin  tcchniquG  de  rAssoci- 
ation  dcs  Inijcnicurs  sortis  de  I Ecole  Polijtevliniqne  dc  Brvxclle.s,  vol.  11, 
Ser.  2,  no.  6,  p.  203,  April  1913,  8  pp.,  t).  Discussion  of  the  principal 
cases  of  hydraulic  turbine  regulation.  The  author  defines  regulation  as 
the  totality  of  processes  for  Insuring  the  operation  of  a  turbine  at  constant 
angular  speed,  while  certain  conditions  of  operation  vary.  These  variations 
in  the  conditions  of  operation  may  consist  in  variation  in  the  volume  of 
flow  of  water,  of  the  head,  and  useful  resistance.  It  is  assumed  that  the 
purpose  of  the  turbine  plant  is  not  affected  by  these  variations,  and  that 
therefore  the  angular  speed  w  and  the  linear  velocity  of  drag  w  are  to  re- 
main constant.  The  following  notation  is  used:  T7  =  useful  jiower  taken 
from  the  shaft ;  A=  specific  weight  of  water ;  Q  =  volume  of  water  flowing 
across  the  turbine;  p,  =  internal  efficiency  of  the  receiver;  p2  =  mechani- 
cal efficiency  ;  p3  =  coefficient  depending  on  losses  due  to  shocks  which  may 
occur  at  the  entrance  to  the  receiver  (the  author  has  elsewhere  shown 
that  with  the  turbine  running  under  normal  conditions  at  full  load,  p3  =  l)  ; 
7/=  the  net  head  of  water.  The  following  relation  exists  between  these 
quantities : 

W=ApiP2P,QH [1] 

On  the  other  hand,  If  the  moment  of  resistance  on  the  driving  shaft  be 
designated  by  M,  then  IF  =  lf  co-     Hence: 

Apip2PiQH 

w= 7Z — ~ l^J 

M 

If  it  be  made  obligatory  that  the  speed  be  constant  for  all  conditions  of 

operation,    then    the   quotient         ^'^^^^^ must    remain    constant   for   all 

M 
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useful  loads  on   the  titrbiiic  shaft,  this  pcrinittiiig  the  estublishing  of  the 
fol lowing  rules : 

a  If  the  moment  of  resistance  M  changes,  either  Q  or  //,  or  both 
these  quantities,  must  be  varied  in  such  manner  that  the  prod- 
uct QFI  varies  proportionally  to  M ; 
b   If  either  the  volume  of  flow  or  the  head  happen  to  vary,  M  must 
be  changed  in  such  manner  as  to  maintain  constant  the  second 
member  of  equation  [2]. 
The  author  considers  further  the  influence  on  the  degree  of  reaction  liy 
the  variations   in  Q  and  H.     The  degree  of  reaction  may  be  defined  by 
cither  of  the  following  equations: 

e  = or     €  =  1  — • 

AH  2gH 

where  p  is  the  internal  pressure  at  the  entrance  to  the  receiver ;  pe  external 

pressure  at  the  same  point;  t'  the  absolute  velocity  at  the  same  point  also; 

kS  cross  section  of  the  exit  from  the  distributor ;    a   angle  of  entrance  of 

Q 
the  stream  lines  into  the  recel^•er  ;  o  —  ,  the  opening.    Then  : 

V2f7// 


4 


[3] 


kS  sin  a 
and  hence: 

c     In   order   that      e    remain    constant   at   all   conditions   of   opera- 

0 

tions,    must  remain  constant ; 

kS  sin  a 

d     If  //  stay  constant,  and  section  kS  be  reduced,  the  volume  of  How 
will  be  reduced  in  proportion,  and  the  degree  of  reaction    e    re- 
main constant ; 
e     If  H  varies  while  7,»S'  remains  constant,  the  volume  of  water  is 
reduced  in  proportion  to  H,  and    e    is  maintained  constant. 
The  author   considers    three   cases   of   varying   conditions   of   operation, 
under  w^hich  the  speed  must  be  maintained  constant.     First  case :  head  is 
constant,  and  volume  of  water  always  sufficient  to  keep  the  turbine  run- 
ning at  full  load,  the  only  factor  likely  to  introduce  disturbances  being  the 
variation  in  useful  resistance.     To  insure  the  regulation  of  the  turbine,  it 
nmst  be  provided  with  a  device  that  would  keep  the  driving  moment  pro- 
portional to  the  moment  of  resistance,  which  may  be  done  by  maintaining 
//  constant,  and  varying  Q  in  proportion  to  the  variation  of  the  moment  of 
resistance,  which  in  its  turn  may  be  done  by  regulating  the  cross-section 
kS.    The  author  shows  that,  as  long  as  the  gates  used  to  reduce  the  sec- 
tion kS  do  not  produce  losses  through  sudden  changes  of  cross  section  of 
kS,  the  mechanical  efficiency  is  practically  unaffected.    The  other  theoreti- 
cally possible  method,  viz.,  that  of  keeping  the  volume  of  flow  constant,  and 
varying  the  head,  is  shown  to  be  much  less  convenient  practically,  as  well 
as  to  require  larger  units  than  would  be  otherwise  necessary. 

The  second  case  considered  is  where  the  volume  of  flow  becomes  at  a  cer- 
tain moment  hisutticient  to  keep  the  turbine  running  at  full  load  with  the 
usual  head.  The  useful  output  of  the  turbine  has  therefore  to  be  reduced, 
the  speed  remaining  constant.     This  is  most  often  due  to  the  variation  of 
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level  ill  riic  sourit"  of  water,  pi-oduciiig  a  general  lowering  of  the  bydraulio 
axis,  and  the  author  recoininends  shifting  the  gates  so  as  to  maintain  the 
head  H  and  the  absolute  velocity  of  entrance  v  constant,  and  at  the  same 
time  to  regulate  the  valves  in  such  a  manner  as  to  change  the  section  of 
entrance  In  proportion  to  the  reduced  magnitude  of  the  volume  of  flow. 

Third  case :  head  //  varies.  This  may  be  due  either  to  accident  or  peri- 
odically acting  causes,  e.  g.  tides,  the  water  level  sometimes  rising  so  high 
as  to  make  the  operation  of  the  turbine  impossible.  As  a  rule,  the  volume 
of  flow  remains  constant  as  long  as  the  tide  rises,  or  until  the  head  water 
reaches  the  top  of  the  weir,  after  which,  with  a  further  rise  of  water,  the 
head  water  forms  a  sui)ple)nentary  resistance,  and  the  volume  of  flow  de- 
creases. It  is  assumed  here  that  while  the  head  decreases,  the  volume  of 
flow  remains  constant.  With  the  outlet  section  of  the  distributor  remaining 
constant,  and  the  head,  and  consequently  velocity  v  reduced,  the  turbine 
could  not  take  care  of  that  volume  of  flow,  and  as  a  result,  as  H  decreases, 
Q  must  decrease  as  well,  and  as  Q  x  77  decrease,  the  output  of  the  turbine 
must  also  rapidly  decrease.  Since  Q  decreases  as  V~ff,  the  output  will  de- 
crease  as  B  ''  while  v  decreases  with  fl",  which  is  self  evident;  since  further 
10  does  not  vary,  shocks  at  the  entrance  are  produced,  and  -^  is  reduced 
correspondingly,  while   p,  is  reduced  because  the  constancy  of  speed     t    = 

10  

—===  varies  as  VH.  All  these  causes  cumulatively  reduce  the  output  of 
V2f/7/ 

the  turbine  with  the  change  in  available  head  of  water,  and,  In  order  to 
secure  the  maximum  of  utilization  of  the  fall,  a  larger  unit  has  to  be  in- 
stalled than  is  called  for  by  the  maximum  volume  of  flow  at  the  maximum 
head  of  water;  in  that  case  (i.  e.,  with  the  turbine  running  with  full  ad- 
mission at  low  heads,  and  partial  admission  at  high  heads),  the  output  will 
decrease  as  H,  and  not  as  77  '2  as  shown  above. 

New  Types  of  CENrRiFUGAL  Pumps  for  Waterworks  (^isleuere  Kreisel- 
pumpen  fiir  Wassenverlcc,  Funke,  Die  Fordcrtechnik,  vol.  6,  no.  6,  p.  126. 
June  191.3,  4  pp.,  10  figs.,  d).  Description  of  some  of  the  centrifugal  water 
pumps  built  by  Weiso  &  Monski,  of  Halle  a.  S.,  Germany,  and  their  charac- 
teristics.    Only  standard  types  are  described. 

On  Water  Hammer  in  Water  Pipes  Made  Up  of  Sections  of  Different 
Diameters  {Sur  les  coups  de  helier  dans  les  conduites  fonnees  de  sections 
de  diamctres  diff&rents,  de  Sparre.  Coniptes  rendus  de  VAcademie  des  Sci- 
ences, vol.  156,  no.  20,  p.  l.~)21,  May  19,  1913,  2  pp.,  mt).  With  high  water 
heads,  jjipes  are  often  used  whose  diameter  decreases  with  the  increase  of 
distance  from  the  source  of  waterfall,  and  a  consequent  increase  of  pres- 
sure. At  first  sight  it  would  appear  that,  should  a  water  hammer  occur, 
its  maximum  magnitude  could  not  be  beyond  what  it  would  have  been  if 
the  entire  conduit  were  made  of  pipe  of  the  smallest  diameter  employed, 
i.  e.,  at  the  place  of  maximum  water  velocity  ;  the  widening  of  the  pipe  in 
the  upper  part  would  be  expected  to  decrease  the  kinetic  energy  of  the 
water  stored  in  the  conduit,  rather  than  the  reverse.  As  the  author  shows, 
however,  both  of  these  assumptions,  for  the  case  of  sudden  closure  of  the 
flow  of  uater,  are  entirely  wrong.  For  a  simple  case  of  pipe  consisting  of 
three  sections  of  gi'adually  decreasing  diameters,  the  author  shows,  that. 
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under  certain  elementary  assumptions,  tlie  water  liammer  is  nearly  50  per 
cent  larger  than  it  would  have  been,  bad  tbe  entire  conduit  consisted  of 
tbe  pipe  of  tbe  smallest  diameter.  It  appears  furtber  tbat  in  this  case  the 
water  hammer  occurs  at  the  end  of  tbe  sixth  elementary  period  of  oscilla- 
tion, i.  e.,  at  the  end.  of  the  first  complete  oscillation  for  the  entire  conduit. 
This  establishes  tbe  mutual  relation  of  tbe  data  obtained  from  the  ex- 
periments of  Allevard  and  tbe  theory  of  Allievi,  showing  why  the  former 
«ere  in  conformance  with  tbe  latter  only  during  the  first  oscillations. 
Those  interested  in  the  mathematical  proof  of  the  above  are  requested  to 
conununicate  with  tbe  Editor. 

Mechanics 

Graphic  Determination  of  Moments  of  Inertia  and  Centrifugal  Mo- 
ments (Zur  seicJmcrischen  Ermittlung  der  Trdgheitsmomente  und  Zentri- 
fiujalmomente,  Professor  A.  Denizot,  Zeits.  dcs  Vereines  deutscher  In- 
gcnieure,  vol.  r.7,  no.  2G,  p.  1028,  1  p.,  G  figs.,  /)•     The  process  recommended 


4 ^ Ci\Cj,     iD,;'[)?;/C.        p. 


Fig.  2     Graphic  Determination  of  Moments  of  Inertia 


by  tbe  aiitbor  is  a  combination  of  the  Nehls  process  with  the  application 
of  a  funicular  polygon,  and  may  be  applied  to  the  determination  of  mo- 
ments of  inertia  and  of  centrifugal  moments  in  any  plane  section.  Mo- 
ments of  inertia.  Figs.  2A  and  B,  shows  tbe  application  of  tbe  process  to 
tbe  case  of  three  forces,  P„  P.,.  P^,  with  points  of  application  A,,  A.,  A3  with 
respect  to  a  system  of  rectangular  cofirdinates  OAT.  Tbe  moment  of  in- 
ertia Jx=Pi'y\+P,,y--^+Psy-^=^i:,Py-  is  referred  to  the  x  axis  to  which  the 
forces  P  are  parallel.  At  an  arbitrarily  assumed  distance  a,  a  line  AA  par- 
allel to  XX  is  drawn,  and  the  initial  and  final  points  Ai  and  Bj  of  the  line 
Pi  are  transformed  in  the  same  way  as  the  points  of  limit  of  the  cross- 
section  in  tbe  Nehls  process,  viz.,  tbe  initial  and  final  points  of  Pj  are 
normally  projected  on  tbe  axis  AA,  to  Cj  and  Di,  and  tbe  points  A\  and 
B\  determined  as  tbe  points  of  intersection  of  the  lines  OCi  and  ODi  re- 
spectively with  /t|/?,.  From  the  similarity  of  the  triangles  A\OB\  and 
C^OD,  it  follows  that 


.r,/>", :  Pi—Vi :  ('  and  P,iji—A',B\a 
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A\B\=Qi,  etc.,  multiplied  by  a,  give  the  niomeuts  of  tlio  lirst  order  of 
the  forces  P, ...  To  deteruiiiie  the  moments  of  the  second  order,  the  line 
<?,  is  iidded  to  the  lines  Q^  Q^  (Fig.  2B),  the  apex  of  the  polygon  is  arbi- 
trarily selected,  and  the  funicular  polygon  constructed;  the  extreme  rays 
of  the  polygon  I  and  IV  ciit  then  off  on  the  axis  XX  the  section  u  (1 — 4), 
which,  multiplied  by  aU,  gi\es  the  desired  moment  of  inertia,  which  the 
author  proceeds  to  prove.  Should  it  be  desired  to  apply  this  process  to 
the  case  of  plain  sections,  the  latter  are  divided,  as  in  the  Cullmann  and 
Mohr  processes,  into  strips  of  which  the  center  of  gravity  is  next  deter- 
mined. Then  through  these  centers  of  gravity  or  at  a  distance  from  them, 
parallel  to  the  axis  to  which  the  moments  are  to  be  referred  to,  lines  are 
drawn  of  which  the  length  is  proportional  to  the  area  of  tln^  respective 
strips,  and  proceeds  as  in  the  first  case.  As  compared  with  the  Cullmann 
process,  this  has  the  advantage  of  requiring  no  planlmeter. 

The  centrifugal  moment  may  be  also  easily  determined,  i.e.,  the  expres- 
sion J^y  =  f i^j^i  +  P.x..y2  +  PsH\il/3  =  ^Pjcy.  To  do  this,  the  lines  A'jB'i  .... 
are  rotated  through  00  deg.  about  the  points  AiiXith) ,  and  the  corre- 
sponding funicular  polygon  drawn,  in  which  under  certain  conditions,  the 
order  of  the  lines  Qi,  Q..,  Q^,  has  to  be  changed.  Next  the  funicular  polygon 
r.  II',  III',  IV'  is  constructed,  and  it  is  found  that  the  extreme  rays,  I'  and 
IV',  cut  off  on  the  Y  axis  the  line  v  (1'  to  4'),  which  multiplied  by  aH, 
gives  Jxy.    This  is  so  since 

2'3'  :x  =  _^- :   //,  or  P,x,v,=^2'S'aH, 
a 

hence 

.7Ky=2  Pxv=  ( r2'+2^'-h3^' )  =van 

Contribution  to  the  Calculation  of  Shafts  having  Several  Bearings 
(Beitrag  zur  Bereehmmg  mehrfach  gelagerter  Wellen,  H.  Winkel.  Dinglers 
poly  tech  nisches  Journal,  vol.  328,  nos.  23  and  27.  pp.  353  and  424,  June  7 
and  July  .5.  1913,  7  pp.  10  figs.,  mtA).  A  shaft  with  n  bearings  may  be 
considered  as  a  continuous  beam  with  (n — 2)  statically  undetermined  con- 
ditions ;  i.e.,  in  addition  to  the  three  conditions  of  equilibrium  there  are 
(n — 2)  conditions  of  elasticity  to  be  considered.  The  author  states  that 
although  in  civil  engineering  appropriate  graphical  processes  for  the  cal- 
culation of  continuous  beams  have  been  fully  developed,  these  jirocesses 
are  described  in  works  taking  examples  from  fields  unfamiliar  to  the  me- 
chanical engineer,  and  using  scales  wdth  which  he  is  not  familiar.  The 
present  article  attempts,  therefore,  to  present  the  problem  in  a  way  con- 
venient for  the  mechanical  engineer.  By  starting  from  the  Mohr  formula, 
the  author  obtains  the  generalized  form  of  the  Clapeyron  equation,  from 
which,  by  means  of  the  ^'-moments  process,  he  develops  a  simple  graphical 
method  for  the  solution  of  the  equation,  for  the  case  of  a  limited  number 
of  simple  forces  acting  on  the  shaft.  The  article  is  not  suitable  for  ab- 
stracting, and  lack  of  space  does  not  permit  the  complete  reproduction  of 
the  mathematical  treatment  of  the  problem.  For  a  brief  discussion  of 
single-throw  crankshafts  with  double  webs,  supported  on  three  bearings,  see 
W.  C.  Unwin.  The  I'JIcinciitK  of  Mdchluc  Design,  i>art  2,  p.  173,  London, 
1912. 
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Concerning  the  Nomenclature  of  Specific  Fluid  Pressures  {Uher  die 
Bencninimj  der  spezifiscJien  FlnssigkciUdriicJcc,  Dr.-Ing.  R.  U)\\y.  Die  Tur- 
Une,  vol.  9,  no;  Ki.  p.  281.  May  20,  1913,  G  pp.,  2  figs.,  y).  A  criticism  of 
tlie  Boiiieiielatnre  used  l)y  tlie  Verein  deutscher  Ingenieure  in  tlie  Specifica- 
tions for  Testing  Fans  and  Air  Compressors. 

Steam  Engineerinji 

Exhaust  Steam  and  Combined  Turbines  (Uhcr  Ahdaiiipf-  iind  Zivei- 
driicMurhinen,  Dr.-Ing.  K.  Roder,  Elcklruhrhiiih-  und  Masrhhicnhmi,  vol. 
.•^1.  no.  2.5,  p.  520,  .Tnne  22,  1913.  4  pp.,  S  ligs..  vt).    Abstract  of  a  tliesis  pre- 
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Fig.  3     Characteristic  Curves  of  Exhaust  Steam  and  Combined  Turbines 


sented  Iiy  tlie  author  to  the  Munich  Technical  High  School,  on  the  subject 
indicated  by  the  title  of  the  article.  Among  other  things  investigated  by 
the  author  are  steam  consumption  of  exhaust  steam  and  combined  turbines. 
For  the  latter  purpo.se  a  mixed  steam  Mclms  &  Pfenninger  turbine,  having 
for  the  exhaust  steam  part  two  multistage  reaction  bladings,  and  an  im- 
pulse wheel  with  two  velocity  stages  to  take  care  of  the  live  steam.  The 
turbine  was  rated  at  1000  kw.,  but  when  supplied  with  14,500  kg.  (31,900 
lb.)  exhaust  steam  at  1.1  atniosithercs  absolute,  with  a  vacuum  in  the 
e.xhaust   connecting   brancli   dl'  91.'   iicr   ccul,   delivered   mily   9(!(l   kw.     The 
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resuHs  of  tlu'  iiivostijj.-Uioii  are  presented  in  diagrams,  of  wliich  Fig.  3A 
shows  the  weiglit  of  entering  steam  and  alisolute  steam  pressvire  in  front 
of  the  first  guide  blade  dislc  as  a  function  of  the  effective  output ;  tliere  is 
an  increase,  in  a  straight  line  law.  oi  tlie  quantity  of  steam  and  initial 
steam  pressure  with  increase  of  output,  and  direct  proportionality  between 
quantity  of  steam  and  initial  steam  pressure,  as  well  as  decrease  of  avail- 
able head  with  the  output.  This  Is  very  much  like  what  holds  good  for 
live  steam  condensing  turbines,  but  Fig.  JiH,  showing  steam  pressure  in 
front  of  various  bladings  as  a  function  of  the  pressure  in  front  of  the  first 
guide  wheel,  indicates  not  a  law  of  proportionality,  as  in  the  case  of  live 
steam  turbines,  but  a  straight  line  increase  of  intermediate  pressures  with 
the  increase  of  initial  iiressure. 

The  mixed  steam  turbine  was  investigated  with  res])ect  to  ctMciency 
both  for  throttling  regulation  and  regulation  by  varying  the  number  of 
open  nozzle  groups.  The  rise  of  the  etliciency  curve  referred  to  the  state 
behind  the  throttling  valve,   with   the  decrease  of  load   is  not  observable 


£n  trance  ofV^afer       .-^-^^ 


Steam  Entrance 

Fig.  4     Feedwater  Preheateb 


Ex  it  at  Water  of  Condensation 


in  this  case  since  the  head  in  the  high-pressure  part  varies  but  slightly, 
while  the  low-pressure  part  works  even  at  full  load  with  nearly  the  most 
favorable  ratio  of  peripheral  to  steam  velocity. 

Tests  for  couvbined  exhaust  and  live  steam  working  have  been  made 
with  both  systems  of  regulation,  their  results  being  shown  in  Fig.  30  and 
D,  the  first  for  throttling,  and  the  second  for  nozzle  regulation,  the  exhaust 
steam  admission  in  both  cases  being  regulated  by  throttling.  Through  the 
ponits  2500  kg.  (n.lOO  lb.)  and  ;j(MM)  kg.  (11.000  lb.)  per  hr.,  etc.,  of  the 
curves  (in  this  case  straight  lines)  for  exhaust  steam  operation,  are  drawn 
lines  parallel  to  the  curves  of  steam  consumption  for  live  steam  only,  and 
D  shows  that  these  straight  lines  correspond  pretty  well  to  the  steam  con- 
sumi)tion  curves  found  experimentally.  These  parallel  lines  can.  therefore, 
be  used  for  guarantee  purposes  instead  of  the  actual  steam  consumption 
curves,  thus  materially  simplifying  the  rests.  In  the  case  of  throttling  reg- 
ulation, however,  as  indicated  in  C,  this  coincidence  does  not  hold,  and  the 
actual  steam  consumi»tion  is  larger  than  would  be  indicated  by  the  i)arallel 
lines. 

The  rr..\NT  VIII/IX  of  the  Mine  Constantin  the  (Iueat  (/>/r  Hcharhi- 
(iiiliKjc    ilcr    Zcihc    rdiiKlaiiliii    dcr    (Irosse,    Ilgen    and    Dr.    Wuilenweber. 


1296 


FOREIGN    REVIEW 


(JliicJiaiif,  vol.  40.  no.  2],  p.  805,  iind  no.  21.'.  ]>.  H4r>,  in  iip..  14  fms.,  d).  Do- 
scription  of  the  nieolmnical  eqnii)nien1  i>\'  the  mine.  In  the  utilization  of 
the  tvaste  steam  its  use  in  the  production  of  hot  water  is  stated  to  be  of 
greater  advantage  than  iu  driving  turbines.  Provisions  were  therefore 
made  to  heat  the  entire  feedwater  up  to  the  temperature  of  steam,  or 
rather  up  to  100  deg.  cent.  (212  deg.  fahr.).  The  apparatus  shown  in  Fig. 
4  is  used,  consisting  of  a  cylindrical  boiler  with  stepwise  troughs.  The  feed- 
water  enters  from  above,  and  gradually  runs  down  through  all  the  troughs, 
the  steam,  free  from  oil,  entering  from  below  and  running  in  an  o])posite 
direction,  and  a  special  throttling  valve  preventing  the  possibility  of  live 
steam  being  admitted  to  tlie  preheater.  The  hot  water  runs  down  to  the 
feed  pumps  by  gravity,  and  is  used  both  for  heating  the  buildings  and  for 
manufacturing  purposes. 

"Hall"  Steam  Pump  {Les  jwiyipcs  a  vapeur  "Hall,"  L.  Bfn-aud,  Revue 
imlvstrielle,  vol.  44,  no.  2087-22,  p.  203,  :{  pp.,  7  figs.,  d).     Description  of 


Fig.  5     Brico  Sectional  Boiler  for  Lignite  Briquettes 


long-stroke,  slow-speed,  steam-driven  reciprocating  pumps,  tlieir  valve  gear 
and  lubricating  equi])ment.  These  pumps  are  of  French  construction,  and 
have  been  in  use  for  several  years,  mainly  in  France  and  England. 

Brico  Boilek  (Der  Bricokesscl,  Prd.,  Zcits.  fur  Belenchtunfffiircscn,  vol. 
iO,  no.  15,  p.  195,  May  .30,  1013,  1  p.,  3  figs.,  drj).  A  general  discussion  of 
the  fuel  problem  for  sectional  boilers.  Coke  is  altogether  too  expensive : 
all  attempts  to  design  an  "ideal"  sectional  boiler  that  would  use  any  fuel 
liave  failed,  mainly  owing  to  the  conditions  of  operation  of  a  sectional 
boiler,  usually  charged  by  the  janitor  once  or  twice  a  day.  and  left  alone 
for  the  rest  of  the  time.  The  new  boiler  described  in  this  article  has  been 
designed  for  use  with  a  particular  fuel,  lignite  briquettes,  and  the  author 
calls  attention  to  the  fact,  that  it  is,  like  coke,  an  artificial  fuel,  and  there- 
fore more  iniiform  in  its  composition  and  structure  than  native  coal  would 
be.  The  new  boiler  employs  the  half-gas  system  of  heating.  The  fuel  on 
the  grate  proper  is  only  gasified  by  the  primary  fire,  these  gases  being  sub- 
sequently burnt  immediately  behind  the  grate  with  an  addition  of  highly 
heated  supplementary  air.  The  author  of  the  article  states  that  by  an  in- 
genious system  of  air  admission  and  mixing  a  complete  combustion  with 
a  very  hot  Hame  is  oblained.     Kig.  5  shows  the  vertical  and  horiz(mtal  sec- 
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tioiis  througli  tlie  boiler.  From  the  cliargiug  chute  the  fuel  falls  ou  to  a 
grate  whore  it  is  gasilietl.  As  shown  in  A.  this  gasification  space  is  en- 
closefl  from  above  In  special  extensions  which  the  author  calls  "  air  horns," 
the  combustion  chamber  proper  being  above  these  extensions ;  the  gases 
escape  from  the  combustion  chamber  by  a  number  of  long  and  winding 
passages,  and  leave  the  plant  through  the  rear  end  of  the  rearmost  section, 
3  mm  (0.118  in.)  draft  being  sufficient  for  normal  operation.  The  supple- 
mentary air  enters  through  the  air  extensions  which  are  not  cast  in,  but 
simply  held,  so  that,  in  case  of  repairs,  they  could  be  easily  removed.  They 
are  arranged  in  such  manner  that  there  is  a  thorough  mixture  between  the 
secondary  air  and  the  fuel  gases ;  in  addition  to  that,  soon  after  the  fur- 
nace is  started,  the  extensions  become  very  hot,  and  preheat  the  air  to  a 
considerable  degree. 

Tests  of  a  Brico  boiler  were  made  by  the  Saxony  Association  for  the 
Inspection  of  Boilers,  and  have  shown  a  utilization  of  fuel  (lignite 
briquettes)  of  80.98  and  83.93  per  cent;  the  flue  gases  had  temperatures 
of  182.79  and  181.71  deg.  cent.  (359.7  and  358.5  deg.  fahr.)  respectively, 
with  contents  of  carbon  dioxide  of  13.87  and  13.12  per  cent.  The  charging 
chute  could  take  fuel  for  about  eight  hours  of  continuous  operation,  and 
required  no  attendance  during  that  time. 

TuRBO-PuMP  Construction  by  C.  H.  Jaeger  &  Co.,  H.  Mitter  (Zcits.  ilcs 
Vcrciiica  dciitsclier  Ingenioirc,  vol.  57,  nos.  20  and  27,  pp.  1005  and  1052, 
IS  pp.,  72  figs.  d).  Description  of  the  various  types  of  centrifugal  water 
pumps  built  by  C.  H.  .Jaeger  &  Co.    Table  1  giving  test  data  is  of  interest. 

Efficiencies  of  75  and  78  per  cent  have  heen  reached,  these  representing, 
according  to  the  author,  the  highest  efliciencies  obtained  with  pumps  of 
those  sizes.  They  are  below  the  highest  efficiencies  attained  with  new  re- 
ciprocating j)unips  of  the  best  design,  which,  however,  does  not  prove  that 
reciprocating  pumps  are  more  advantageous.  They  are  affected  by  the 
Ivind  of  water  they  handle  in  a  higher  degree  than  centrifugal  pumps,  and 
are  more  subject  to  loss  of  efficiency  through  liaving  handled  dirty  water 
than  centrifugal  pumps  of  good  design.  The  latter,  in  addition,  require 
as  a  rule  very  little  repairs,  and  the  author  quotes  a  case  when  a  centri- 
fugal pump  after  seven  months'  continuous  work  in  a  mine  cost  less  than 
two  dollars  in  repairs  (caused  by  replacing  a  stuffing  box  packing).  He 
points  out  further  that  in  pump  operation  power  costs  are  not  inversel.v 
proportional  to  the  efficiency  of  the  pump,  this  being  due  to  the  fact  that 
the  high-speed  electric  motor  is  more  economical  than  the  slower  speed 
motor  required  to  drive  a  reciprocating  pump.  The  saving  in  space,  easier 
starting  and  higher  reliability  of  the  centrifugal  pumps  are  also  important 
factors  in  its  favor. 

Strength  of  Materials  and  Materials  of  Construction 

Distribution  of  Deformations  in  Stressed  Metal  (Distrihutioii  des> 
deformations  dans  les  m^taux  soiimis  a  des  efforts,  Ch.  Fremont,  La  Tech- 
nique modcrne,  vol.  0.  no.  11.  p.  401,  4  pp.,  .35  figs.,  eA).  The  author  dis- 
cusses the  phenomenon  of  wrinkling  of  metal  tubes  subjected  to  compres- 
sion.    He  calls  attention  to  the  well-known  cases  of  formation   in   tubes 
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coinprcssetl  to  the  iioinls  of  colliipse,  of  regular  eouceutric  folds,  and  at- 
tempts to  explain  it  from  data  obtained  in  bis  own  experiments.  After 
a  series  of  tests  witb  tubes  of  various  tbickuess  and  materials,  tbe  autbor 
prepared  24  steel  tubes,  50  mm  (1.96  in.)  in  diameter,  SO  mm  (3.14  in.) 
long,  witb  walls  21)  mm  (0.1  in.)  tbick,  and  completely  crusbed  one  of  tbese 
specimen  tul)es,  taking  at  tbe  same  time  a  record  of  tbe  work  of  com])res- 
siou.     In  tbe  tube  were  formed  tbree  concentric  folds  (Fig.  (SB,  24),  wbile 


18.000  Ko|, 
10,000 


21  22  23  24 

Figs.  6.4  and  GB     Deformation  of  Metal  Tubes  under  Compression 


tbe  diagi-am  of  work  looked  as  sbown  in  Fig.  (tA.  Tbe  otber  23  specimen-.-, 
were  treated  like  tbe  first,  witb  tbe  difference,  however,  tbat  in  eacb  test 
tbe  process  of  compression  has  been  stopped  at  a  different  point,  as  sbown 
by  the  respective  numbers  on  tbe  work  of  the  compression  diagram.  Tbe 
shapes  of  the  tubes  after  compression  are  sbown  on  Fig.  GB.  In  all  these 
compression  tests  no  guide  frames  or  mandrels  were  used. 

The  author  explains  in  tbe  following  manner  tbe  striking  regularity  of 
tbe  circular  folds  formed  on  tbe  tube  by  axial  compression.  Under  tbe 
action  of  compression,  tbe  end  of  tbe  tube  changes  its  shape,  at  first  elastj- 
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cally,  and  then  peniianently,  the  generatnis  linos  being  forshortened,  and 
the  diameter  tending  to  increase.  Since,  however,  tlie  ends  of  the  tubes  are 
Ivept  in  place  by  their  friction  against  the  plates  of  the  press,  the  increase 
In  diameter  is  not  uniform  throughout,  and,  as  a  result,  a  tendency  is  pro- 
duced toAvards  the  formation  at  the  ends  of  the  tube  of  truncated  cones. 
Fig.  GC  shows  the  beginning  of  the  formation  of  such  a  cone.  The  tube, 
of  initial  diameter  AA',  under  compression,  spreads  out,  and  its  diameter, 
at  a  certain  distance  from  the  plate  of  the  press  P,  increases  to  BB,  while 

P 
v/////////////////^/////, 

A  A 


A' I 


■/^//// /////// /////////, 


F       1 

Figs.  6C,  6D,  6i'  and  6F     Deformation  of  Metal  Tubkij  under  Compression 


the  friction  at  /'  keeps  there  the  original  diameUn-  .1.1'  unvaried.  During 
the  change  of  shape  of  the  tube,  the  direction  of  pressure  is  no  longer  on 
lines  parallel  to  the  longitudinal  axis  of  the  tube,  but  along  the  inclined 
line  AB,  the  generating  line  of  the  truncated  cone.  With  the  pressure  con- 
tinued, the  height  of  the  cone  decreases,  not  because  the  generating  lines 
foreshorten,  however,  but  because  they  incline  more  than  before;  the  diam- 
eter of  BB  increases  still  more,  and  finally  l)ecomes  B'W,  and  the  inclined 
direction  of  the  stress  produces  in  the  originally  cylindrical  i)arts  BG,  a 
corresponding  deformation  to  B'G  (strictly  speaking,  BG  ceases  to  be  cylin- 
drical from  the  moment  of  the  diameter  of  BB  departing  from  its  original 
magnitude  AA' . — Editor).  After  the  two  o])posite  truncated  cones  shown 
in  Fig.  fJZ>  have  been  formed,  the  pressure  continuing  in  the  direction  of 
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tlie  gonci'Mtiiii;  lines.  tlu»  Iriiiiks  of  tlu?  cones  decrease  in  height,  tlie  com- 
mon bases  B'B'  expand,  and  assume  the  form  of  a  circular  fold  (Cp.  Fig. 
GB,  7  to  13).  The  base  AA'  subject  to  friction  againsr  the  press  plate, 
cannot  change  its  shape,  but  the  base  CC  of  the  other  cone  can  do  so  more 
easily  and,  accordingly,  the  pressure  acting  all  the  time  along  the  generat- 
ing lines  tends  to  push  toirards  the  interior  of  the  tube  the  tliird  section 
of  the  tube  CD,  which  becomes  also  a  truncated  cone  first,  and  part  of  a 
second  circular  fold  later  (Cp.  Fig.  GE  and  F,  and  in  B,  jios.  15  to  20). 
The  deformation  is  therefore  due  to  compression  initially,  and  to  bending 
later  on.  The  author  shows  that  all  deviations  from  the  process  described 
are  due  to  accidental  causes,  such  as  the  shape  of  the  pipe,  irregularities  in 
tlie  constitution  of  the  material,  etc. 

A  New  Chemical  Cause  of  the  Rusting  of  Iron  {Eiiic  nciic  clicmisclic 
Ursache  dcs  Rostens  von  Eiscn,  Dr.  W.  Vaubel,  ChcmUccr-Zcitung,  vol.  37, 
no.  69,  p.  (;93,  June  10,  1913,  1  p.,  t).  The  author  draws  attention  to  the 
important  part  of  nitrous  compoimds,  in  particular,  ammonium  nitrate,  in 
the  production  of  rusting  of  iron.  He  further  shows  not  only  that  am- 
monium nitrate  is  widely  present  in  ground  waters,  but  that  it  may  be 
formed  from  the  nitrous  compounds  in  the  air  through  the  intermediate 
action  of  oxides  and  hydi'oxides  of  iron. 

A  New  Process  fob  Detecting  Cracks,  Untight  Places  and  Slag  In- 
clusions IN  Autogenously  Welded  Pieces  {Ein  neues  Verfahren,  um 
Risse,  uiidichte  Stellen  und  Schiaclceneingiisse  in  autogoi  geschtveissten 
Stiiclccn  nachzuircisen,  A.  Stadler,  Die  Turhinc,  a'oI.  9,  no.  IS,  p.  324,  .Tune 
20,  1913,  1  p.,  1  fig.,  pd).  The  author  reconuuends,  for  detecting  defects  in 
autogenously  welded  pieces,  the  use  of  an  etching  solution  consisting  of 
100  parts  (by  weight)  of  water,  5  parts  of  chemically  pure  nitric  acid,  and 
5  parts  of  potassiimi  chlorate.  The  burnt  iron  is  shown  by  an  increase  in 
the  size  of  crystals  and  their  dark  color ;  cracks  appear  as  dark  lines.  Slag 
inclusions  are  not  affected  by  the  etching  solution,  and  come  out  promi- 
nently through  their  glassy  appearance.  The  etching  solution  gives  the 
metal  a  light  gray  color,  on  which  all  irregularities  come  out  very  well. 

Compression  Tests  of  Vulcanized  Fiber,  Hard  Rubber  and  Metal  fob 
Stuffing  Box  Packing  at  Ordinary  and  Higher  Temperatures  (Druok- 
rcrsuche  mit  Vulkanfiber,  Hartguiitiiii  und  Metal  fiir  yStopfbiiehsenpackun- 
gcn  hei  geicohnUehcr  mid  holicrcr  Temperatur,  R.  Baumann,  Zcits.  des 
\'crcines  deutseJicr  Ingenienrc,  vol.  57.  no.  23,  p.  907,  June  7,  1913,  4  pp., 
12  figs.,  c).  Data  of  tests  made  at  the  Laboratory  for  Testing  Materials 
at  the  Royal  Technical  High  School,  Stuttgart,  Germany.  It  has  been 
found  that  the  compressive  strength  of  all  the  above  materials  rapidly  de- 
creases with  the  increase  in  temperature.  The  temperature  at  which  a 
material  is  tested  for  its  compressive  strength  ought,  therefore,  to  be  indi- 
cated. When  vulcanized  fiber  takes  up  moisture,  it  rapidly  expands,  but 
not  uniformly  in  all  directions.  Its  hardness  and  compressive  strength 
depend  also  materially  on  the  direction  in  which  the  stress  is  applied. 
Hard  rubber,  when  under  greater  stresses,  is  apt  to  flow,  with  a  tendency 
towards  the  formation  of  cracks,  simultaneous  with  an  increase  in  cross- 
section.  By  "  metal  "  the  author  means  an  alloy  of  lead  and  antimony, 
\A  ith  about  30  per  cent  of  the  latter. 
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WILLIAM  M.  DOUGLASS 

Williani  M.  Doiij^lass,  treasurer  of  the  Globe  Ileal  Estate  Coni- 
p;;ny  ol'  Alleiitowii.  l^i.,  died  in  that  city  on  March  23,  1913.  Mr. 
Douglass,  who  was  one  of  the  early  members  of  the  Society,  be- 
gan his  professional  career  in  1878  in  the  steel  mill  of  the  Gantier 
Steel  Company,  Johnstown,  Pa.,  where  he  had  partial  charge  of 
erecting  engines  and  trains.  In  the  following  year  he  was  given 
the  management  of  tlie  mill  and  during  the  subsequent  years  of 
his  connection  with  it  built  one  train  and  rebuilt  two  others, 
maiidy  from  his  own  plans.  In  1883  he  l)egan  the  plans  for  the 
Hartman  Steel  Company  at  Beaver  Falls,  erecting  all  the  roll 
trains,  engines,  boilers,  etc.,  partly  from  his  own  designs.  In 
September  of  the  same  year  he  was  made  superintendent  of  the 
entire  plant. 

In  1884  Mr.  Douglass  removed  to  AUentown,  to  become  gen- 
eral superintendent  of  the  Iowa  Barb  AA^ire  Company,  continuing 
in  this  capacity  until  1894  when  he  became  general  superin- 
tendent of  the  Consolidated  Steel  &  Wire  Company.  In  1899  he 
became  sui^erintendent  of  the  American  Steer&  Wire  Company 
of  the  city,  advancing  in  1904  to  the  position  of  assistant  to  the 
general  superintendent.  He  retired  from  the  rolling  mill  field  in 
1906,  and  in  1911  entered  the  business  in  which  he  was  engaged 
at  the  time  of  his  death. 

SA31LEL  LYON   MOVER 

Samuel  Lyon  Mover,  first  vice-president  of  The  Lunlcenheimer 
Company  of  Cincinnati,  Ohio,  died  at  his  home  in  that  city  on 
May  3,  1913.  Mr.  Moyer  Avas  born  in  Cincimiati  on  August  17, 
1874,  and  was  educated  in  the  pu])lic  schools.  He  had  been  con- 
nected Avith  the  company  since  1890,  almost  from  the  time  of  the 
completion  of  his  school  Avork,  Avorking  his  way  u]^  to  the  manage- 
ment from  a  small  beginning,  entirely  by  his  industry  and  rare 
ability. 

He  was  a  deep  student  of  men  and  affairs,  possessing  clear 
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vision  and  remarkable  foresight,  and  contributed  at  every  oppor- 
tunity of  his  time,  mone}'^  and  intellect  for  the  growth  and  ad- 
vancement of  his  native  city.  While  not  an  active  engineer  he 
was  well  informed  and  keenly  interested  in  engineering  and 
scientific  tests  of  the  da}^,  particularly  in  the  line  of  progress 
and  development. 

Mr.  INIoyer  was  a  member  of  the  National  Metal  Trades  Asso- 
ciation, and  a  number  of  social  and  business  clubs. 

JOHN    BKADFOIID   PEIJKINS 

John  Bradford  Perkins  was  born  in  Boston,  August  2,  1869. 
He  Avas  educated  in  the  public  schools  of  Lowell,  Mass.,  and 
served  an  apprenticeship  with  the  General  Electric  Companv 
of  Lynn,  Mass.,  and  the  Lowell  Machine  Company  of  LoAvell. 
Upon  its  completion  he  entered  the  employ  of  Hollingsworth  & 
Vose,  at  Walpole,  Mass.,  resigning  to  enter  the  Crosby  Steaui 
(lage  &  Valve  Compan}^  In  1905  he  became  the  New  England 
uianager  for  the  Hewes  &  Phillips  Iron  Works,  Newark,  N.  J., 
manufacturers  of  Corliss  engines.  The  John  B.  Perkins  Com- 
pany, a  firui  which  engaged  in  the  installation  of  complete  power 
plants,  was  organized  by  him  the  following  year,  Mr.  Perkins 
serving  as  its  president  up  to  the  time  of  his  death  on  January 
19,  1913.  In  this  capacity  he  made  many  important  installations, 
notably  the  Fitchburg  Yarn  Company,  with  its  record  for  eco- 
nomical operations,  the  Windham  Manufacturing  Company, 
AVillimantic,  Conn.,  the  Burgess  Mills,  Pawtucket,  E.  I.,  and  the 
Potomsko  Mills,  Fall  River,  Mass.  He  also  designed  and  put  on 
the  market  the  "  Bradford  "  valves. 

Mr.  Perkins  was  a  member  of  the  Engineers'  Club  of  Boston, 
the  New  England  Street  Railway  Club,  the  National  Association 
of  Stationary  Engineers,  the  Nayassett  Club  of  Springfield,  the 
Quequeehan  Club  of  Fall  River,  and  the  Deerfield  Club  of  Man- 
chester, Vt. 

FRANCIS  3H.  RITES 

Francis  M.  Rites  was  born  at  Petersburg,  111.,  on  July  20,  1858, 
and  received  his  preparatory  education  at  Chester,  N.  Y.  He 
entered  SiVjley  College,  Cornell,  in  1877,  graduating  with  the  de- 
gree of  B.M.E.  in  1881. 

Directly  after  leaving  college,  he  entered  the  employ  of  the 
Lehigh  &  Hudson  River  Railroad  for  a  short  time,  and  in  1883 
became   identified   with   the   Westinghouse   Machine   Company. 
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During  his  connection  with  them  he  made  many  notable  develop- 
ments and  inventions,  among  them  a  system  of  high-speed  com- 
pressors, a  new  system  of  explosive  engine  control  and  distribu- 
tion, and  the  inertia  governor,  for  which  he  is  best  known.  He 
died  at  his  home  in  Slaterville,  N.  Y.,  on  May  2,  1913. 


ACCESSIONS  TO  THE  LIBRARY 

With  Comments  by  the  Libkarian 

This  list  iucludcs  only  accessions  to  the  library  of  this  Society.      Lisfs  of  acces- 
sions to  the  libraries  of  the  A.  I.  E.  E.  and  A.   I.  M.   E.  can  be  secured  on  reiinest 

from  Calvin  W.  Rice,   Secretary,  Am.  Soc.  M.  E. 
I 

Addbess  of  C.  C.  Chamberlain  to  the  Special  Committee  ov  the  German 

Reichstag   (in  English  and  Gernum).      Gift  of  author. 
American  Railway  Association.    Proceedings  of  session  held  in  New  York 

City,  May  21,  19L3.     Gift  of  association. 
Association   of   Railway   Electrical  Engineers.      Proceedings,    vols   1-4. 

Chicago,  190S-W11.     Gift  of  association. 
Beitrage  zur   Geschichte   deb  Technik   UNO   Industrie,   herausgegeben 

VON  Conrad  Matscpioss.    Vols  2  and  3.    Berlin,  1910,  1911. 
California   Miners'   Association.     Annual,    1912.      San   Francisco,   1912. 

Gift  of  association. 
Carnegie  Foundation  for  the  Advancement  of  Teaching.      6th  Annual 

Report  of  the  President,  1911.      New  York,  1911. 
Carnegie  Institution  of  Washington.     Scope  and  organization,  issued  on 

the  occasion  of  the  10th  anniversary,  December  14,  1911  . 
Chicago  Board  of  Supervising  Engineers  Chicago  Traction.     4tli  Annual 

Report,  1911.     CMcago,  1912.     Gift  of  Bion  J.  Arnold. 
Chronology  of  Aviation,  Hudson  Maxim  and  W.  J.  Hammer.      Reprinted 

from  World  Almanac,  1911. 
Cincinnati  Waterworks  Department.     Annual  Report,  1912.     Gift  of  the 

department. 
Columbia  University,  Ernest  Kempton  Adams  Fund  for  Physical  Re- 
search.     Publication  uos.  4  and  6.      New   York,  1912.      Gift  of  the 

university. 
Congbeso  Cientifico  Ingenieria   (1°   Pan-Americano).     Vol.  2.     Santiago 

de  Chile,  1912.     Gift  of  the  congress, 
Engineering  Society  of  York,  Pa.     Proceedings,  1913.     York,  1913.     Gift 

of  the  society. 
Engineering  Tables  and  Data,  W.   W.   F.   Pullon.      ed.  3.      Manvhcstcr, 

England. 
A  useful  compilation,  which,  although  containing  only  08  pages,  gives  much  infor- 
mation  which  engineers   need.      The   steam   table   has   boon    thoroughly    revised,   and 
represents  the  result  of  the  most  recent  researches. 

Les  Etats-Unis  d'Amerique,  D'Estournelles  de  Constant.  Paris,  1913. 
Gift  of  American  Association  for  International  Conciliation. 

Experiments  in  the  Preservative  Treatment  of  Red-Oak  and  Hard 
Maple  Crossties,  F.  M.  Bond.  U.  S.  Dept.  of  Agriculture,  Forest 
Service  Bull.  120.      Washington.  1913.      Gift  of  author. 
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Das  FoRDEKGERijST  SEINE  Entwickelung,  Bebechnung  und  Konstbuktion. 

Th.  Mohrle.     Breslau.     Gift  of  Huut  Memorial  Fund. 
Good  Pavements  on  Streets  Not  Guarantees  on  Paper,  J.  W.  Howard. 

New  YorJc,  1911.     Gift  of  author. 
Handbook  of  Natubal  Gas,  Heury  P.  Westcott.     E7-ie,  1913. 
Handbuch  deb  Feuerungstechnik  und  des  Dampfkesselbetbiebes,  Georg 

Herberg.     Berlin,  1913. 
Intebnational  Kaileoad  Masteb  Blacksmiths'  Association.     Proceedings 

of  the  19tb  Annual  Convention.     Toledo,  1911.     Gift  of  the  association. 
Jebome  Park  Filters,  Report  of  the  Advisory  Commission  of  Engineers. 

Part  I :  Relating  to  Filtration  of  Croton  Water.     Gift  of  N.  S.  Hill,  Jr. 
Kansas   Engineering   Society.      Transactions   1912.      1912.      Gift  of  the 

society. 
Kostenberechnungen   fur   Ingenieurbauten,   Georg  Osthoff  and   Baurat 

Scheck.      ed.  7.      Leipzig,  1913. 
Lohntarif  fur  Akkordbestimmungen  im  Maschinenbau,  H.  Haeder.    Vol. 

2 :  Kalkuliereu  der  Maschinenteile.      WiesTjaden,  1913. 
Louisville  Wateb  Company.    55th  Annual  Report.     Louisville,  1912.     Gift 

of  the  company. 
Metallogbaphie,  W.  Gucrtler.     vol.  2,  part  1.     Berlin,  1913. 
National  Association  of  State  Univeesities  in  the  United  States  of 

Ameeica.     Transactions  and  Proceedings,  1910.      Hamilton,  O.,  1910. 
Die  neueren  Methoden  der  Festigkeitslehre  und  der  Statik  der  Baukon- 

struktionen.  Heinrich  IMiiller-Breslau.      ed.  4.      Leipzig,  1913. 
New  York  State  Engineer  and  Subveyob.     Annual  Report,  1912.     Alhany, 

1913.     Gift  of  State  Engineer  and  Surveyor. 
New  Yobk   State  Libbaby.      Handbook   for  readers  concerning  the  New 

York  State  Library  and  its  home  in  the  State  Educational  Building. 

Albany,  1913.     Gift  of  the  department. 
Oeblikon   Lotschbeeg   Electric   Locomotive,    no.   121,   2000   B.H.P.      Re- 
printed from  "  The  Engineer,"  February  2,  9,  1912.    Gift  of  Maschinen- 

fabrik  Oerlikon,  Ziirich. 
Ohio  Electbic  Light  Association.      Proceedings  of  the  17th  Annual  Con- 
vention.    1911. 
Pavement  Guabantees,  Theib  Use  and  Abuse,  J.  W.  Howard.     Neiv  YorJc. 

Gift  of  author. 
Pennsylvania  Society  Yeae  Book,  1910.      Netv  YorJc,  1910. 
Peteol  Aib  Gas,  the  New  Foem  of  Illuminant,  C.  A.  M.  Smith.     London. 
Practical   Alternating    Currents   and   Alternating    Current   Testing, 

C.  F.  Smith,     ed.  5.     Manchester,  England. 
That  a  textbook  for  college  students   has  reached  a  fifth   edition  is  a   guarantee 
that  it  is  well  liked  and  well  iidapted  to  its  purpose. 

Pbogbess  Report  on  Wood-Paving   Experiments  in   Minneapolis,  F.   M. 

Bond.      U.    S.    Dept.   of   Agriculture,   Forestry   Service,    circular   194. 

Washington,  1912.     Gift  of  the  author. 
Scientific  Salesmanship,  C.  H.  Pierce.     New  York,  1906. 
Service  and   Meter   Installation   Rules,   New   York   Edison   Company, 

June  1913.      New  York.  1913.      Gift  of  C.  W.  Rice. 
Some  Tests  to  Determine  the  Effect  upon  Absobption  and  Penetbation 

OF  Mixing  Tar  with  Creosote,  F.  M.  Bond.      Gift  of  the  author. 
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Steam   Power  Plant  Engineering,  G.  F.  Gebhardt.      ed.  4.      'New   York, 
1913. 
This  edition  has  been  largely  rewritlon  and  many  ilUistralions  added.     There  are 
particularly  full  data  on  power  costs. 

Swedish  Engineers'  Society  of  Chicago.     Constitution  and  By-Laws  and 

List  of  Members,  1913.     Gift  of  the  society. 
Technograph.      vol.  13,  16.      Vrhana,  1899,  1902.      Gift  of  University  of 

Illinois. 
University  of   Chattanoocja.     Catalogue   1907-1008,    1911-1912,    1912-1913. 

GJiattanooga. 

EXCHANGES 

EcoLE  d'Application  nu  Genie  Maritime.     Cours  de  Machines  a  Vapeur. 

vol.  3.      Paris,  1912. 
Institution  of  Mechanical  Engineers.      List  of  Members,  March  1,  1913. 
Proceedings  1912,  pt.  3-4.      London,  1913. 

TRADE    CATALOGUES 

Fairbanks  Company,  New  York.  N.  Y.  Catalog  B  30,  Makutchan  roller 
bearings  and  hangers,  31  pp. 

GoLDSCHMiDT  Thermit  COMPANY,  Ncu)  Yovk,  N.  Y.  Thermit  marine  re- 
pairs, 1913. 

Johns-Manville,  H.  W..  &  Company,  Glerehnul.  O.  J.-M.  power  expert, 
June  1913. 

Ltdgerwooi)  Manufacturing  Company,  New  York,  N.  Y.  Bull.  12,  Lidger- 
wood  electric  hoists,  20  pp. 

Railway  Car  Door  Company.  Ghicago,  III.  Reasons  why  freight  ear  doors 
should  be  placed  inside  of  the  car  instead  of  outside,  7  pp. 

UNITED    ENGINEERING    SOCIETY 

Carnegie    Endowment    for    International    Peace.       Year    Book    1912. 

WasMngtoti,  1913.      Gift  of  the  endowment. 
Nebraska    State   Railway   Commission.      5th   Annual   Report.       Lincoln, 

1912.      Gift  of  the  commission. 
Patentk  .Taiires-Katalog,  24th  year  1912.     Bruftfi,  WIS. 


EMPLOYMENT  BULLETIN 

The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium  of  securing 
positions  for  its  members.  The  Secretary  gives  this  his  personal  attention  and  is  pleased  to  rooeivo 
requests  both  for  positions  and  for  men.  Notices  are  not  repeated  except  upon  special  request. 
Names  and  records,  however,  are  kept  on  the  current  office  list  three  months,  and  if  desired  must 
be  renewed  at  the  end  of  such  period.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of 
the  month.  The  published  list  of  "men  available"  is  made  up  from  members  of  the  Society. 
Further  information  will  be  sent  upon  application. 

POSITIONS    AVAILABLE 

506  Superintendent  of  large  experience  in  automobile  and  Diesel  engine 
construction.     Location  Middle  West. 

60S  Technical  graduate  with  one  or  two  years'  experience,  wanted  as  in- 
structor in  mechanical  engineering.     Location  Western  Pennsylvania. 

702  Technical  expert  wanted  in  purchasing  department  of  a  large  works  near 
New  York,  making  high-grade  hght  metal  products,  to  assist  in  selecting,  buying 
and  inspecting  the  varied  materials  used.  Should  be  good  metallurgist,  fair 
chemist  and  familiar  with  fuels.  Apply  through  the  Society,  giving  age,  educa- 
tion, experience,  reference  and  approximate  salary  required. 

703  Wanted  by  Ohio  concern,  mechanical  draftsman  experienced  in  the  design 
of  large  steam  or  gas  engines.  State  experience  and  salary  expected.  Apply 
tlu'ough  the  Society. 

704  Engineer,  capable  of  taking  charge  of  general  construction  work  around 
various  plants,  looking  after  construction  of  new  buildings,  remodeling,  mapping 
out  changes,  betterments  for  power,  fuel,  crude  oil  and  producer  gas  furnaces, 
installation  of  new  machinery,  rearranging  old  machinery  to  effect  economies, 
etc.     Location  Middle  West. 

705  Instructor  to  handle  first  year  mechanical  drawing  work  and  to  teach 
civil  engineering  subjects;  if  possible  one  who  has  had  practical  experience  and 
contact  with  affairs  along  structural  engineering  lines,  as  well  as  a  year's  teaching 
experience.  College  or  technical  school  graduate  with  initiative.  Location 
Philadelphia.     Salary  about  $1200. 

706  Partner  to  assist  in  development  of  a  new  steam  turbine,  of  the  com- 
pountl  impulse  multi-stage  type,  capable  of  good  efficiency  in  all  sizes  from  1  h.p. 
upward,  and  now  ready  for  commercial  development.  A  high-grade  successful 
salesman  of  steam  turbines  desired  who  can  furnish  necessary  capital. 

707  A  large  manufacturing  company  located  within  fifty  miles  of  New  York, 
seeks  the  services  of  an  experienced  mechanical  and  electrical  engineer.  Posi- 
tion is  technical  rather  than  administrative.  Duties:  to  study  the  plant,  equip- 
ment, processes  and  products,  to  report  those  found  defective,  inefficient  or 
wasteful,  and  to  make  recommendation  for  increasing  the  economy  and  efficiency 
of  production,  and  improving  the  quality  of  the  product  which  comprises  a  wide 
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rangj  of  metallic  articles.    Apply  through  the  Society,  stating   age,  training,  ex- 
j)erience,  references  and  salary  expected. 

708  Wanted  foundry  superintendent;  thoroughly  high-class  man  able  to 
take  entire  charge  of  foundry  employing  about  140  men  on  high-grade  machine 
tjol  work.  Must  thoroughly  understand  modern  methods  of  molding  with 
machines,  the  mixing  of  irons  and  be  an  executive  of  highest  order.  Foundry  is 
equipped  with  the  most  modern  appliances  and  is  comparatively  new.  Only  a 
man  of  high  abihty  desired,  technical  graduate  preferred.  Apply  through  the 
Society.     Location  Middle  West. 

709  Partner  desired  by  consulting  and  advisory  engineer,  engaged  prin- 
cipally along  lines  of  mechanical  refiigeration,  cold  storage  and  ice-making 
plants.  Expei-ience  in  the  ice-machinery  line  immaterial,  but  some  investment 
in  the  business  expected. 

712  Experienced  heating  and  ventilating  engineer  for  New  York  concern. 
Apply  through  the  Society. 

714  Editor,  aggressive,  energetic  young  man  of  technical  training,  familiar 
with  publishing  business.  Salary  from  $25  to  $40  a  week  depending  upon  ex- 
perience.    Location  New  York. 

716  Mechanical  draftsman,  Sandy  Hook  Proving  Ground,  $100  per  month. 
One  capable  of  filUng  position  temporarily  until  an  eligible  can  be  supplied  by  the 
U.  S.  Civil  Service  Commission.  Applicant  should  have  a  good  mechanical 
education  and  at  least  two  years'  practical  drafting  experience.  Replies  should 
state  fully  both  training,  experience  and  age.  Examination  will  be  held  on 
August  6,  in  New  York  City,  for  the  purpose  of  filUng  this  position  permanently. 

718  Teaching  position  open  with  large  eastern  engineering  school.  A  mechan- 
ical engineering  graduate  wanted,  preferably  with  some  experience  in  practical 
work.     Appointment  will  be  made  early  in  September.     Apply  through  Society. 

719  Young  engineer  on  sales  work.  Location  at  first  in  New  York  City  at 
$15  to  $20  per  week.    Later  upon  making  good  to  go  to  Havana. 

720  A  well-known  manufacturer  of  high-grade  steam  specialties  wants 
manager  for  long  estabUshed  branch  office.  Must  have  thorough  knowledge  of 
l)ower  plant  equipment  and  be  a  salesman  of  tried  and  proven  ability.  Com- 
plete history  of  previous  work  and  references  that  will  stand  rigid  investigation 
are  necessary.     Apply  through  Society. 

MEN    AVAILABLE 

175  Junior  member,  30  years  of  age,  at  present  employed,  technical  educa- 
tion, 10  years'  experience  in  design,  construction,  operation,  maintenance  and 
reorganization  of  mill,  factory,  and  other  manufacturing  properties.  Wide  ex- 
perience in  the  superintendance  of  central  power  stations,  factory  extension,  mill 
and  reinforced-concrete  construction  work. 

176  Aggressive,  broad  gage  man  with  initiative,  exceptional  abihty,  acquired 
by  wide  experience  in  mechanical  and  electrical  manufactm'ing  and  sales,  energy 
and  tact.  Now  sales  manager;  has  worked  from  drafting  room  to  superintendent 
in  bronze,  iron  and  steel  foundry  and  machine  shop;  desires  to  connect  with 
reputable  concern  where  first-class  man  will  have  opportunity  to  produce  maxi- 
mum results.     FamiHar  with  government  business  and  re(iuir;'ments.    Age  36. 
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177  Technical  jiraduate,  Junior  member,  age  30,  eight  years'  experience  in 
designing,  estimating  costs,  construction  and  inspec^ting  in  car  and  locomotive 
work,  contractors'  equipment,  heating  and  ventilating.  In  charge  of  men  and 
competent  to  manage  field  and  office  operations.  Now  open  for  position  as 
branch  manager,  engineer-in-charge,  or  salesman.  Personal  interview  desired. 
Clean  references  from  previous  connections. 

178  Student  member,  age  27,  graduate  Cornell  1913,  seven  years'  experience 
as  machinist  (prior  to  and  during  summers  of  college  course),  wishes  to  locate  in 
the  East  or  South. 

179  Superintendent  or  chief  engineer,  graduate  in  mechanical  and  electrical 
engineering  degree  of  M.E.  and  two  years  in  naval  architecture  at  M.  I.  T. 
Experienced  as  designer,  superintendent  of  shop  and  erecting.  Famihar  with 
latest  practice  in  machine  shop  and  shop  construction,  and  scientific  manage- 
ment of  men  in  factories.    Desires  position  with  opportunity  to  advance. 

180  Member,  technical  graduate,  B.S.  and  M.E.,  at  present  employed,  de- 
sires to  make  a  change.  Experience  in  power  plants,  pipe  and  electrical  lines, 
lighting,  heating  and  ventilation.  Familiar  with  design,  preparation  of  plans 
and  specifications,  supervision  of  construction,  and  operation  after  completion. 
Salary  $200  to  $250  per  month,  depending  on  location,  opportunity,  etc. 

181  Member  with  broad  varied  experience  in  manufacturing  lines  desires  to 
make  a  new  connection  September  1,  preferably  with  a  medium  sized  plant,  to 
look  after  the  manufacturing  end.  Can  invest  a  small  amount  of  capital  if 
desired . 

182  Mechanical  engineer,  age  29,  with  liberal  experience  in  the  design,  con- 
struction and  operation  of  power  plants,  industrial  plants  and  conveying  and 
transmi  sion  machinery,  good  organizer  and  executive,  capable  of  handling 
efficiently  large  numbers  of  men,  wants  position  as  principal  or  assistant  en- 
gineer on  the  construction  of  plant,  or  with  consulting  engineer,  or  as  plant 
superintendent  or  assistant  with  manufacturing  concern.  Location  no  object, 
but  Middle  or  Far  West  preferred. 

183  Junior  member,  age  27,  technical  graduate  in  mechanical  engineering, 
experienced  in  detaihng  and  estimating  on  steel  plate  work,  wishes  to  secure 
position  in  the  estimating  and  sales  department  of  a  company  doing  plate  and 
boiler  work. 

184  Construction  superintendent,  desires  position  with  some  future  possi- 
bilities. Thirteen  years'  practical  experience  in  construction  work,  design  and 
operation  of  power  stations,  power  distribution,  general  construction  work, 
structural  steel,  reinforced  concrete;  expert  in  steam  handling;  holds  first-class 
engineers'  license  for  Massachusetts.  Accustomed  to  handling  men,  purchase  of 
material  and  equipment,  and  office  work.    Can  give  best  references. 

185  Member  desires  change  of  position  with  opportunity  to  make  full  use  of 
engineering  training  and  practical  experience.  Thoroughly  familiar  with  all 
machine  shop  operations  and  practices,  designing,  various  lines  of  mechanical 
products  and  the  tools  for  their  interchangeable  manufacture.  Assistant  super- 
intendent or  in  engineering  capacity. 

186  Graduate  mechanical  engineer,  age  36,  desires  permanent  position  in  or 
near  New  York.    Excellent  experience  in  engineering,  purchasing  and  sales  work 
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With  consulting,  manufacturing  and  selling  concerns.  At  present  employed  in 
executive  sales  position,  but  desires  to  change  for  better  and  more  permanent 
work. 

187  Junior  member,  age  27,  at  present  with  large  Eastern  concern  manu- 
facturing a  general  line  of  brass  goods,  as  designing  engineer  on  tools,  fixtures, 
special  automatic  and  pneumatic  machinery,  experienced  tool  maker  and  ma- 
chinist, desires  position  with  manufacturing  concern  in  Connecticut,  as  designing 
engineer  or  master  mechanic. 

188  Mechanical  engineer  with  practical  machine  shop  experience,  technical 
education,  three  years'  experience  in  elevating,  conveying,  mine  and  power 
transmission  machinery,  desires  position  as  sales  engineer  with  firm  or  repre- 
sentative located  in  Pittsburgh. 

189  Superintendent  or  works  manager;  fifteen  years'  experience  in  the  manu- 
facture of  light  and  heavy  engines,  machine  tools  and  various  lines  of  merchan- 
dise, and  connected  with  the  factory  division  of  a  very  large  mail  order  house  for 
the  past  two  years.  Has  had  broad  experience  in  establishing  and  maintenance 
of  premium  and  piece  work  plan  of  wage  payment. 

190  Executive  engineer,  member,  age  37,  seventeen  years'  broad  and  diver- 
sified experience  in  engineering,  organization  and  general  business,  at  present 
manager  of  large  industrial  plant,  will  consider  new  connection  with  a  big  propo- 
sition requiring  both  executive  and  engineering  ability. 

191  Junior,  age  30,  single,  with  technical  training  and  experience  in  de- 
sign and  construction  of  high  voltage  transmission  hnes  and  substations,  also 
experienced  in  hydrograph  computations,  would  like  to  make  connections  with 
large  firm  doing  hydroelectric  work.  Salary  according  to  requirements  of  posi- 
tion. 

192  Sales  engineer  desires  position  where  a  knowledge  of  machinery  and  mill 
supply  trade  in  United  States  and  Canada  is  essential;  seven  years'  varied  en- 
gineering experience,  nine  years  in  selling  end.  Experience  in  correspondence 
and  design  of  selling  contracts. 


OFFICERS  AND   COUNCIL 


President 

W.  F.  M.  Goss 


Vice-Presidents 


Terms  expire  1913 

Wm.  F.  Durand 
Ira  N.  Hollis 
Thos.  B.  Stearns 


Terms  expire  1914 

James  Hartness 
i.  e.  moultrop 
H.  G.  Stott 


Terms  expire  1913 

D.  F.  Crawford 
Stanley  G.  Flagg,  Jr. 

E.  B.  Katte 


Managers 

Terms  expire  1914 

Chas.  J.  Davidson 
Henry  Hess 
Geo.  a.  Orrok 


Terms  expire  1915 

W.  B.  Jackson 
H.  M.  Leland 
Alfred  Noble 


M.  L.  Holman 
Jesse  M.  Smith 


Past-Presidents 

Members  of  the  Council  for  1913 

Alex.  C.  Humphreys 


George  Westinghouse 
E.  D.  Meier 


Chairman  of  Finance  Committee 

Robert  M.  Dixon 


William  H.  Wiley 


Honorary  Secretary 
F.  R.  HUTTON 


Secretary 

Calvin  W.  Rice 


Executive  Committee  of  tJie  Council 

W.  F.  M.  Goss,  Chmn.  E.  D.  Meier 

Alex.  C.  Humphreys,  V-Chmn.  Geo.  A.  Orrok 

E.  B.  Katte  H.  G.  Stott 
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STANDING   COMMITTEES 


Meetings 


Publication 


R.  M.  Dixon  (1),  C/i??m. 
W.  H.  Marshall  (2) 

H.  L.  DOHERTY  (3) 

W.  L.  Saunders  (4) 
W.  D.  Sargent  (5) 


H.  DE  B.  Parsons  (1),  Chmn. 
L.  P.  Alford  (2) 
H.  E.  Longwell  (3) 
H.  L.  Gantt  (4) 
R.  H.  Fernald  (5) 


G.  I.  ROCKWOOD  (1) 

Chmn. 
G.  M.  Basford  (2) 
C.  I.  Earll  (3) 

I.  E.  MOULTROP  (4) 

F.  R.  Low  (5) 


Membership  I 

Hosea  Webster  {l),Chmn. 
Theodore  Stebbins  (2) 

W.  H.  BOEHM  (3) 

H.  C.  Meyer,  Jr.  (4) 
L.  R.  Pomeroy  (5) 


L.  Waldo  (4),  Chmn. 
C.  L.  Clarke  (1) 
Alfred  Noble  (2) 
W.M.McFarland(3) 
The  Secretary 


R.  H.  Rice  (4),  Chmn. 
L.  S.  Marks  (1) 
A.  L.  De  Leeuw  (2) 
R.  C.  Carpenter  (3) 
R.  D.  Mershon  (5) 


E.  Van  Winkle  (1),  Chmn. 

H.  R.  COBLEIGH  (2) 

S.  D.  Collett  (3) 
W.  N.  Dickinson  (4) 

F.  A.   SCHEFFLER  (5) 


Public  Relations 

J.  M.  Dodge  (3),  Chmn. 
J.  W.  LiEB,  Jr.  (1) 

F.  J.  Miller  (2) 
W.  R.  Warner  (4) 

G.  M.  Brill  (5) 


SOCIETY  REPRESENTATIVES 


Engineering  Education 

A.  C.  Humphreys 
F.  W.  Taylor 


General   Conference  Commit-  Council  of  A.   A.   A.   S. 

tee  of  National  Engineering  .      /^    tt 

Societies  A.  C.  HUMPHREYS 

C.  W.  Baker  W.  B.  Jackson 
E.  D.  Meier 


John   Fritz  Medal 


H   R.  Towne  (1) 
J.  A.  Brashear  (2) 
F.  R.  Hutton  (3) 
J.  R.  Freeman  (4) 


Trustees   V.  E.  S. 

A.  C.  Humphreys  (1) 
F.  J.  Miller  (2) 
Jesse  M.  Smith  (3) 


SPECIAL   COMMITTEES 


Research     Committee,     Sub-       Power  Tests 


Committee  on   Steam 

R.  H.  Rice,  Chmn. 
C.  J.  Bacon 
E.  J.  Berg 
W.  D.  Ennis 
L.  S.  Marks 
J.  F.  M.  Patitz 


D.  S.  Jacobus,  Chmn. 
G.  H.  BARRUs,F-C/imn. 

E.  T.  Adams 

L.  P.  Breckenridge 
William  Kent 
E.  F.  Miller 
Arthur  West 
A.  C.  Wood 


Student    Branches 

F.  R.  Hutton,  Chmn. 
Wm.  Kent 
Geo.  a.  Orrok 


Research  Committee.  Sub- 
Committee  on  Materials  of 
Electrical  Engineering 


R.  D.  Mershon 


Note — Nutnbera  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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SPECIAL  COMMITTEES— Con^mw^-r/ 


Refrigeration 

D.  S.  Jacobus,  Chmn. 
P.  De  C.  Ball 

E.  F.  Miller 

A.  P.  Trautwein 

G.  T.  VOORHEES 
Involute  Gears 

Wilfred  Lewis,  Chmn. 
Hugo  Bilgram 
E.  R.  Fellows 
C.  R.  Gabriel 
C.  G.  Lanza 


Increase  of  Membership 

I.  E.  MouLTROP,  Chmn. 

F.  H.  COLVIN 

H.  V.  O.  Goes 

J.  V.  V.  COLWKLL 

R.  M.  Dixon 
W.  R.  Dunn 
J.  P.  Ilsley 
E.  B.  Katte 
R.  B.  Sheridan 
H.  Struckmann 


Tolerances  In  Screw  Thread 
Fits 

L.  D.  Burltngame, 

Chmn. 
Elwood  Burdsall 
f.  g.  coburn 

F.  H.  CoLVIN 

A.  A.  Fuller 
James  Hartnej-s 
H.  M.  Leland 
W.  R.  Porter 
F.  O.  Wells 


standard    Cross-Section 
Symbols 

H.  deB.  Parsons,  C/twn. 
F.  deR.  Furman 
A.  E.  Norton 
Bradley  Stoughton 
John  W.  Upp 

Code  of  Ethics 

C.  W.  Baker,  Chmn. 
C.  T.  Main 
E.  D.  Meier 
Spencer  Miller 
C.  R.  Richards 


Conference     Committee    on 
Engineering  Standards 

H.  G.  Stott,  Chmn. 
A.  F.  Ganz 
Carl  Schwartz 


standardization  of  Catalogues 

Wm.  Kent,  Chmn. 
J.  R.  Bibbins 
M.  L.  Cooke 
W.  B.  Snow 


Committee  to  Formulate 
Standard  Speclticatlons  for 
the  Construction  of  Steam 
Boilers  and  other  Pressure 
Vessels  and  for  Care  of 
Same    in    Service 

J.  A.  Stevens,  Chmn. 

W.  H.  BOEHM 

R.  C.  Carpenter 
Richard  Hammond 
C.  L.  Huston 
H.  C.  Meinholtz 
E.  F.  Miller 


Committee  on  Bureau  of  In- 
formation Respecting  tu- 
glneerlng  Standards  in  all 
Countries 

Henry  Hess,  Chmn. 
J.  H.  Barr 
Charles  Day 
C.  J.  Davidson 
Carl  Schwartz 


Pipe  Threads 

E.  M.  Herr,  Chmn. 

W.  J.  Baldwin 

L.  V.  Be  net,  Paris 

Representative 

G.  M.  Bond 

S.  G.  Flagg,  Jr. 


Research     Committee.       Sub- 
Committee  on  Safety  Valves 

P.  G.  Darling,  Chmn. 
H.  D.  Gordon 

E.  F.  Miller 

F.  L.  Pryor 
F.  M.  Whyte 


Flanges 

H.  G.  Stott,  Chmn. 

A.  C.  ASHTON 

A.  R.  Baylis 
W.  M.  McFarland 
Wm.  Schwanhausser 
J.  P.  Sparrow 


Changes    in    the   Patent    La\ 
of  U.   S 

W.  H.  Blauvelt 
B.  F.  Wood 
Carl  Thomas 
Edward  Weston 
W.  E.  Winship 


Committee    on    National 
Museum 

E.  D.  Meier,  Chmn. 
G.  F.  KuNz 
George  Mesta 
H.  G.  Reist 
Ambrose  Swasey 


Conservation 

G.  F.  Swain,  Chmn. 
C.  W.  Baker 
l.  d.  burlingame 
m.  l.  holman 
Calvin  W.  Rice 


Standardization  of  Filters 

G.  W.  Fuller,  Chmn. 
Jas.  C.  Boyd 
P.  N.  Engel 
J.  C.  W.  Greth 
Wm.  Schwanhausser 
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SPECIAL  COMMITTEES— Continued 


Committee   on    International 
Engineering    Congress     1915 

The  President 
The  Secretary 
w.  f.  durand 
R.  S.  Moore 
T.  W  Ransom 
C.  R.  Weymouth 


Nominating  Committee 

John  R.  Freeman,  Chnm. 
Chas.  T.  Main 
Thos.  Morrin 
Fred.  Sargent 
C.  C.  Thomas 


Chairmen  of  Sub-Committees  of  Com- 
mittee on   Increase  of  Membership 

Boston,  A.  L.  Williston 
Buffalo,  W.  H.  Carrier 
Chicago,  Fay  Woodmansee 
Cincinnati,  J.  T.  Faig 
Michigan,  H.  W.  Alden 
New  York,  J.  A.  Kinkead 
Philadelphia,  T.  C.  McBride 
St.  Louis,  John  Hunter 
St.  Paul,  Max  Toltz 
San  Francisco,  Thomas  Morrin 
Seattle,  R.  M.  Dyer 

Society  History 

J.  E.  Sweet,  Chmn. 
F.  R.  HuTTON,  Secy. 
H. H.  Suplee 


SUB-COMMITTEES  OF  THE  COMMITTEE  ON  MEETINGS 

Cement  Manufacture 

J.  G.  Bergquist,  Chmn. 

H.  J.  Seaman,  V-Chmn. 

G.  S.  Brown 

W.  R.  Dunn 

F.  W.  Kelley 

Morris  Kind 

F.  H.  Lewis 

W.  H.  Mason 

R.  K.  Meade 

Ejnar  Posselt 

H.  Struckmann 

A.  C.  Tagge 

P.  H.  Wilson 


Iron  and  Steel 

Jos.  Morgan,  Chmn. 
Thos.  Towne,  Secy. 
W.  P.  Barba 
F.  F.  Beall 
Rogers  Birnie 
A.  L.  Colby 
Julian  Kennedy 

M.  T.  LOTHROP 

W.  E.  Snyder 
J.  T.  Wallis 
R.  M.  Watt 


Industrial  Building 

F.  A.  Waldron,  Chmn. 
h.  a.  burnham 
Charles  Day 
William  Dalton 
J.  O.  DeWolf 
C.  T.  Main 


Machine  Shop  Practice 

F.  H.  CoLViN,  Chmn. 

E.  P.  Bullard 

L.  D.  Burlingame 
W.  L.  Clark 
A.  L.  DeLeeuw 
W.  H.  Diefendorf 

F.  L.  Eberhardt 
F.  A.  Errington 
A.  J.  Fuller 

H.  D.  Gordon 
H.  K.  Hathaway 
Alex.  Kearney 
Wm.  Lodge 
F.  E.  Rogers 
N.  E.  Zusi 

Textiles 

C.  T.  Plunkett,  Chmn. 
E.  W.  Thomas,  Secy. 

D.  M.  Bates 
John  Eccles 

E.  D.  France 

E.  F.  Greene 

F.  W.  HOBBS 

C.  R.  Makepeace 
C.  H.  Manning 
H.  F.  Mansfield 


Depreciation    and 
Obsolescence 

Alex.  C.  Humphreys, 

Chmn. 
J.  G.  Bergquist 
C.  J   Davidson 

A.  E.  FORSTALL 

F.  W.  Kelley 
H.  Struckmann 


Air  Machinery 

F.  W.  O'Neil,  Chmn. 
H.  V.  Conrad 
William  Prellwitz 
R.  H.  Rice 

Administration 

J.  M.  Dodge,  Chmn. 
L.  P.  Alford,  Secy. 
D.  M.  Bates 
John  Calder 
H.  A.  Evans 
James  Hartness 
W.  B.  Tardy 
Alexander  Taylor 
H.  H.  Vaughan 
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E.  B.  Katte,  Chmn. 
G.  M.  Basford 
W.  G.  Besler 
A.  H.  Ehle 
T.  N.  Ely 
W.  F.  M.  Goss 
A.  L.  Humphreys 
W.  F.  Kiesel 
W.  B.  Potter 
N.  W.  Storer 
H.  H.  Vaughan 
R.  V.  Wright 

Fire  Protection 

J.  R.  Freeman,  Chmn. 

E.  V.  French,  V-Chmn. 
Albert  Blauvelt 

F.  M.  Griswold 
H.  F.  J.  Porter 
T.  W.  Ransom 

I.  H.  WOOLSON 
Hoisting  and  Conveying 

R.  B.  Sheridan,  Chmn. 
C.  K.  Baldwin 
Alex.  C.  Brown 
O.  G.  Dale 
P.  J.  Fickinger 
F.  E.  Hulett 
Spencer  Miller 
A.  L.  Roberts 
Harry  Sawyer 


GEOGRAPHICAL  SECTIONS   OF  THE  SOCIETY 


Milwaukee 

Fred  H.  DoRNER,C/iwn 
M.  A.  Beck 
Arthur  Simon 
Henry  Weickel 
e.  p.  worden 


A.  L.  DeLeeuw,  Chmn. 
J.  T.  Faig,  Secy. 
W.  G.  Franz 
G.  W.  Galbraith 
L.  H.  Thullen 


E.  L.  Ohle,  Chmn. 

F.  E.  Bausch,  Seaj. 
F.  N.  Jewett 
John  Hunter 

L.  C.  Nordmeyer 


San  Francisco 

A.  M.  Hunt,  Chmn. 
T.  W.  Ransom,  Secy. 
W.  F.  Durand 
E.  C.  Jones 
Thos.  Morrin 


LOCAL  MEETINGS  OF  THE   SOCIETY 


New  York 


Henry  BARTLETT,C/imn.  F.  A.  Waldron,  Chmn. 
R.  E.  Curtis,  Secy.  Edward  Van  Winkle,  Secy. 

H.  N.  Dawes  R.  V.  Wright,  Treas. 

W.  G.  Snow  H.  R.  Cobleigh 

A.  L.  Williston  J.  J.  Swan 


Chicago 

Paul  P.  Bird,  Chmn, 
C.  W.  Naylor,  Secy. 
C.  R.  Birdsey 
W.  B.  Jackson 

A.  W.  MOSELEY 


Philadelphia 

A.  C.  Jackson,  Chmn. 
D.  R.  Yarnall,  Secy. 
J.  E.  Gibson 
W.  C.  Kerr 
T.  C.  McBride 


New  Haven 


E.  S.  CooLEY,  Chmn. 

E.  H.  LocKWooD,  Secy. 

F.  L.  BiGELOW 

L.  P.  Breckenridge 
H.  B.  Sargent 


OFFICERS  OF  THE   GAS  POWER  SECTION 


Chairman 

F.  R.  HUTTON 

Gas   Power   Executive  Com- 
mittee 

C.  H.  Benjamin  (1) 
W.  H.  Blauvelt  (3) 
W.  D.  Ennis  (5) 
H.  J.  K.  Freyn  (1) 
F.  R.  Low  (2) 

I.  E.   MOULTROP   (4) 

H.  H.  Suplee  (1) 


Secretary 

Geo.  a.  Orrok 

Gas   Power   Literature   Com-       Gas  Power  Membership  Com- 
mittee mlttee 

R.  B.  Bloemeke,  Chmn.       A.  F.  Stillman,  Chmn. 


A.  W.  H.  Griepe 
W.  F.  Monaghan 
W.  S.  Morrison 
S.  I.  Oesterreicher 
H.  G.  Wolfe 


H.  V.  O.  Goes 
J.  H.  Lawrence 

F.  S.  King 

J.  H.  NoRRIS 

G.  M.  S.  Tait 
J.  D.  Shaw 

H.  W.  Anderson 
CD.  Smith 


Gas  Power  Committee  on  Meetings 

Wm.  T.  Magruder,  Chmn.     E.  D.  Dreyfus  Nisbet  Latta 


W.  H.  Blauvelt 


A.  H.  Goldingham 


H.  B.  MacFarland 


OFFICERS  OF  AFFILIATED   SOCIETY 

Providence  Association  of  Mechanical  Engineers 


T.  M.  Phette place,  Pres. 
J.  A.  Brooks,  Secy. 


W.  H.  Paine,  Vice-Pres. 
A.  H.  Whatley,   Treas. 


Note — Numbers  iu  parentheses  iudicate  number  of  years  the  member  has  yet  to  servn 
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OFFICERS  OF  THE  STUDENT   BRANCHES 


DATE 

INSTITUTION 

AUTHORIZED 

HONORARY 

CHAIRMAN 

CORRESPONDING 

BY  COUNCIL 

CHAIRMAN 

SECRETARY 

Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

H.  E.  Erickson 

A.  N.  Koch 

Case  School  of  Applied 

Science 

Feb.  14. 1913 

F.  H.  Vose 

H.  C.  Mummert 

C.  Stemm 

Columbia  University 

Nov.  9,  1909 

Chas.  E.  Lucke 

F.  B.  Schmidt 

H.  F.  Allen 

Cornell  University 

Dec.  4,  1908 

R.  C.  Carpenter 

J.  G.  Miller 

Edw.    Mendonhall 

Lehigh  University 

June  2,  1911 

P.B.  de  Schweinitz 

W.  C.  Owen 

T.  G.  Shaffer 

Leland  Stanford  Jr.  Univ. 

Mar.  9,  1909 

W.  F.  Durand 

C.  T.  Keefer 

K.  J.  Marshall 

Mass.  Inst,  of  Tech. 

Nov.  9,  1909 

E.  F.  Miller 

W.  H.  Treat 

L.  L.  Downing 

New  York  University 

Nov.  9,  1909 

C.  E.  Houghton 

Ohio  State  University 

Jan.lO,  1911 

Wm.  T.  Magruder 

R.  H.  Neilan 

R.  M.  Powell 

Penna.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

H.  L.  Swift 

H.  L.  Hughes 

Poly.  Inst,  of  Brooklyn 

Mar.  9,  1909 

W.  D.  Ennis 

B.  L.  Huestis 

A.  Bielek 

Purdue  University 

Mar.  9,  1909 

G.  A.  Young 

A.  D.  Meals 

G.  F.  Lynd(' 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

E.  Kneass 

R.  F.  Fox 

State  Univ.  of  Iowa 

Apr.ll,  1913 

R.  S.  Wilbur 

F.  H.  Guldncr 

C.  S.  Thompson 

State  Univ.  of  Kentucky 

Jan.lO,  1911 

F.  P.  Anderson 

R.  R.  Taliaferro 

F.  J.  Forsyth 

Stevens  Inst,  of  Tech. 

Dec.  4,  1908 

Alex.C.Humphreys 

L.  F.  Bayer 

C.  H.  Colvin 

Syracuse  University 

Dec.  3,  1911 

W.  E.  Ninde 

0.  W.  Sanderson 

R.  A.  Sherwood 

Univ.  of  Arkansas 

Apr.l2,  1910 

B.  N.  Wilson 

M.  McGill 

C.  Bethel 

Univ.  of  California 

Feb.13.  1912 

Joseph  N.  LeConte 

J.  F.  Ball 

G.  H.  Hagar 

Univ.  of  Cincinnati 

Nov.  9,  1909 

J.  T.  Faig 

A.  O.  Hurxthal 

E.  A.  Oster 

Univ.  of  Illinois 

Nov.  9,  1909 

W.  F.  M.  Goss 

A.  H.  Aagaard 

H.  E.  Austin 

Univ.  of  Kansas 

Mar.  9,  1909 

F.  W.  Sibley 

E.  A.  Van  Houtcn 

L.  E.  Knerr 

Univ.  of  Maine 

Feb.  8,  1910 

Arthur  C.  Jewett 

E.  H.  Bigelow 

0.  H.  Davis 

Univ.  of  Missouri 

Dec.  7,  1909 

H.  Wade  Hibbard 

W.  P.  Jesse 

R.  Runge 

Univ.  of  Minnesota 

Mayl2,  1913 

Univ.  of  Nebraska 

Dec.  7,  1909 

J.  D.  Hoffman 

A.  A.  Luebs 

G.  W.  Nigh 

Univ.  of  Wisconsin 

Nov.  9.  1909 

A.  G.  Christie 

W.  K.  Fitch 

J.  W.  Griswold 

Washington  University 

Mar.10,1911 

E.  L.  Ohle 

D.  Southerland 

A.  Schleiffarth 

Yale  University 

Oct.ll,  1910 

L.  P.  Breckenridge 

C.  E.  Booth 

0.  D.  Covell 
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THE    WARNER    &    SWASEY    COMPANY 

Works  and  Main  Office:  CLEVELAND,  U.  S.  A. 
Branch  Offices:  NEW  YORK,   BOSTON.  BUFFALO,  DETROIT  and  CHICAGO 


TL'RRET  LATHES 


TURRET  SCREW  MACHINES 


BRASS-WORKING  MACHINE  TOOLS 


UNIVERSAL   HOLLOW -HEXAGON 


TURRET  LATHES- 


FOR     BAR     AND     CHUCKING    WORK- 
EQUALLY    EFFICIENT    FOR    BOTH 


Two  highly  efficient- 
machines  in  one  —  com- 
bining the  rapidity  and 
accuracy  of  the  Turret 
Lathe  and  the  simplicity 
and  adaptability  of  the 
Engine  Lathe. 

Two  independent  tool  car- 
riages, operating  simul- 
taneously ;  multiple  cut- 
ting tools  ;  geared  head, 
single  pulley  drive;  great 
strength  and  rigidity. 

Two  sizes- 
No.  2 A— Bar  work  2^x26; 
chucking  12". 
No.  3  A— Bar  work  3ix36; 
chucking  15". 


No.  iA — WUh  "Chucting  Eauipment' 


Uniform  Efficiency 

IS  INDUCED  BY 


Many  users  have  testified 
that  Bristol's  Recording  In- 
struments have  helped  them 
to  maintain  uniformly  efficient 
operating  conditions.  The  con- 
tinuous night  and  day  ink  rec- 
ords traced  automatically  by 
these  recorders  on  round  paper 
charts  show  actual  results  ob- 
tained, and  will  help  you  as 
I  hey  have  thousands  of  others. 

Write  for  Bulletin  C-1300 
and  recommendations. 

THE  BRISTOL  GOjIIPIINY 

Waterbury,  Conn.   4016 


EXTRACTS  FROM  THE  BOOK  OF  THE 
HARTNESS    FLAT   TURRET    LATHE 

Copies  cheerfully  mailed  on  request 

JONES  &  LAMSON 

MACHINE 
COMPANY 

SPRINGFIELD,  VT.,  U.  S.  A. 
Queen  Victoria  St.,  London,  E.  C. 

Italy,  W.  Vogel,  Alilan.  Germany,  Holland,  Belgium. 
Switzerland,  Austria-Hungary.  JM.  Koyemann,  Char- 
lottenstrasse  112,  Dusseldorf,  Germany. 


2  X  24-inch  Flat  Turret  Lathe  with  Cross  Sliding   Head,   Equipped  for    Bar  Work 

(Countershaft  Drive) 


2  X  24-inch  Flat  Turret  Lathe  with  Cross  Sliding  Head,  Equipped 
for  Bar  Work  (Motor  Drive) 


The  Hartness  Flat  Turret  Lathe  with  cross  sliding  head 
is  made  in  two  sizes,  and  may  be  furnished  with  an  equip- 
ment of  tools  for  either  bar  work  or  chuck  work,  or  a  double 
equipment  for  both  bar  and  chuck  work. 

The  smaller  machine,  shown  above  and  on  preceding  page, 
is  called  the  2  x  24-inch,  and  when  equipped  with  the  auto- 
matic die  outfit  of  tools  it  turns  nearly  every  conceivable 
shape  under  dimension  of  2j^  inches  diameter  and  24  inches 
of  length.  The  hole  through  the  spindle  is  now  made  2^ 
inches.  For  various  details  of  working  range  and  outfit  for 
bar  work,  see  pages  14  to  44.     Itemized  outfit,  pages  86  and 

87.         ^ 

This  machine,  equipped  for  chuck  work,  is  described  on 
pages  45  to  85.    See  also  pages  22  to  26. 

The  machine  may  be  ordered  with  either  the  chucking 
or  bar  outfit,  and  supplied  later  with  the  other  outfit,  if  for 
any  reason  the  machine  should  be  changed  from  bar  to  chuck 
work,  or  vice  versa.  Since  the  chucking  outfit  is  compara- 
tively inexpensive,  it  is  frequently  ordered  with  the  bar 
outfit  of  one  or  more  machines  of  a  lot,  so  that  at  least  one 
machine  may  be  used  on  short  notice  for  chuck  work. 


"IMPERIAL" 

AIR     HOISTS 


The  productive  capacity  of  a  machine  tool  is  largely 
determined  by  the  facilities  provided  for  serving 
it  and  handling  its  work. 

An  "Imperial"  Hoist  with  a  suitable  mounting  serving 
one — or  several — tools  will  assure  maximum  ca- 
pacity for  that  tool  by  making  it  possible  to  lift, 
adjust  and  remove  work  in  the  shortest  time 
and  with  the  least  effort. 

This  convenience  of  the  "Imperial"  is  only  one  of  its 
features.  It  is  highly  economical  of  air — clean- 
ly and  smooth-running — has  and  needs  no  brake 
— is  remarkably  durable. 

Shop  efficiency  which  ignores  the  possibilities  of  the 
"Imperial"  Hoist  is  not  thorough. 


INGERSOLL-RAND    CO. 

New  York  London 

OFFICES  THE  WORLD  OVER 

Compressors  Air  Tools  Sand  Rammers 

11-14 


The  record 
line  tells 
the    story 


The  Power 
of  Control 
at  Your 
Finger  Tips 

IF  things  just  won't  go 
right  in  processes 
demanding  a  certain 
pressure  or  vacuum,  the 
logical  remedy  is  the  in- 
stallation of  a  "Colum- 
bia" Recording  Gauge. 


Then  you  will  receive  each  morning  a  Night  and  Day  chart  showing, 
in  black  and  white,  the  exact  pressure  or  vacuum  carried  in  the  trouble- 
some process  for  every  minute  the  day  and  night  before.  An  authentic 
knowledge  of  results — of  existing  conditions  will  be  at  your  finger  tips. 
Trace  the  trouble  and  eliminate  it.  Result — a  better  product,  a  bigger 
production. 

With  the  "Columbia''  installed  you  KNOW  just  how  much  to  ex- 
pect from  your  men.  Run  your  plant  on  a  higher  basis  of  efificiency 
and  economy  by  installing  RIGHT  NOW 

"Columbia" 
Recording  Gauges 

Send  a  postal  TO-DAY 
for  Catalog  Y  loo. 

THE  SCHAEFFER  &  BUDENBERG 
MFG.  CO. 


"Instruments    for    the  Promotion  of 
Scientific    Management" 

BROOKLYN,  N.  Y. 

CHICAGO  PITTSBURGH 

NEW  ORLEANS  WASHINGTON 

ATLANTA 


2000  KW  3600  RPM  60  Cycle  Condensing 
Curtis  Steam  Turbine 


Curtis  Steam  Turbine  Design  Permits 

Quick  starting. 
Sudden  changing  ot  load. 
Use  of  high  superheat  and  vacuum. 

Governing  that  insures  high  economy  over  wide  range  of  load. 
Write  our  nearest  office  stating  the  type  and  kilowatt  capacity 
of  the  turbines  in  which  you  are  interested,  and  complete  infor- 
mation will  be  promptly  sent. 

General  Electric  Company 


VtUinta,  Ga. 
lialtimore,  Md. 
Birmingham,  Ala. 
Boise,  Idaho 
Boston,  Mass. 
Buffalo,  N.  Y. 
Butte,  Mont. 
Charleston,  W.  Va. 
Charlotte,  N.  C. 
Chattanooga,  Tenn. 
Chicago,  111. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columbus,  Ohio 
Davenport,  Iowa 
Dayton,  Ohio 
Denver,  Colo. 


Largest  Electrical  Manufacturer  in  the  World 

General  Offices:  Schenectady,  N.Y. 

ADDRESS  NEAREST  OFFICE 


Detroit,  Mich. 
(Office  of  Agent) 
Elmira.  N.  Y. 
Erie,  Pa. 

Indianapolis,  Ind. 
Jacksonville,  Fla. 
Joplin,  Mo. 
Kansas  City,  Mo. 
Keokuk,  Iowa 
Knoxville,  Tenn. 
Los  Angeles,  Cal. 


Louisville,  Ky. 
Mattoon,  111. 
Memphis,  Tenn. 
Milwaukee,  Wis. 
Minneapolis,  Minn. 
Nashville,  Tenn. 
New  Haven,  Conn. 
New  Orleans,  La. 
New  York,  N.  Y. 
Omaha,  Neb. 
Philadelphia,  Pa. 


Pittsburgh,  Pa. 
Portland,  Ore. 
Providence,  R.  I. 
Richmond,  Va. 
Rochester,  N.  Y. 
Salt  Lake  City,  Utah 
San  Francisco,  Cal. 
St.  Louis,  Mo. 
Schenectady,  N.  Y. 
Seattle,  Wash. 
Spokane,  Wash. 
Springfield,  Mass. 
Syracuse,  N.  Y. 
Toledo,  Ohio 
Washington,  D.  C. 
Youngstown.  Ohio 
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For  Texas  and  Oklahoma  business  refer  to  Southwest  General  Electric  Co.  (formerly  Hobson 
Electric  Co.) — Dallas.  El  Paso,  Houston  and  Oklahoma  City.  For  Canadian  business  refer  to 
Canadian  General  Electric  Company,  Lt'd,  Toronto,  Ont. 


The  Improved 


Murphy  Automatic   Furnace 

We  have  built  this  furnace  for  over  thirty  years,  improving 
it  wherever  possible  and  sparing  no  effort  nor  expense  to 
make  it  as  nearly  perfect  as  cem  be  produced. 


The  largest  plant  in  theworld  devoted  exclusively  to  the  manufactureof  Automatic  Furnaces. 

We  will  be  pleased  to  send  full  details  and  description  on  application 

MURPHY  IRON  WORKS,  Detroit,  Mich. 

FOUNDED  1878  INCORPORATED  1904 


These  valves  "ALWAYS"  open  and  close  at  the  correct  time. 

/Valve  Gear 
1  Lubrication 
J  Leakage 
\  Adjustments 
I  Attendance 
\  Repairs 

Result : 

Uniform  operation 
of  blast  furnace  and 
increased  output. 

Cut  the  Cost  of  Pig  Iron 

bv  increasing  the  output  with  your  present  equipment. 

MESTA  PLATE  VALVES 

(Iversen  patent) 
Make  possible  much  higher  blowing  engine  speeds  than  were  heretofore  used; 
they  do  it  with  increased  economy  and  reliability. 

The  Mesta  Machine  Company  are  equipping  existing  blowing  engines 
of  various  makes  with  air  heads  containing  the  Mesta  Plate  Valve. 

Send  for  Bulletin  H. 

MESTA  MACHINE  COMPANY        Pittsburgh,  Pa. 


HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  raannner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  systen  s  used. 


Hamilton  Corliss  Kngines  are  the  most  economical  steam  operated  prime  movers  known  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin   "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


THE  NASH  ENGINE 

ILLUMINATING  NATURAL  OR  PRODUCER  GAS. 

IS  THE  MOST  RELIABLE  AND  ECONOMICAL. 


NATIONAL  METER  COMPANY 

CHICAGO  NEW  YORK  BOSTON 
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WESTON 

Miniature  Precision  Instruments 


FOR  DIRECT  CURRENT 

Accurate 
Durable 
Reliable 
Beautiful 


Switcliboard  Ammeter 


Portable  Volt-Ammeter 


This  new  line  of  very  small  Instruments  represents  the  highest  development 
in  the  Art  of  Manufacturing  Electrical  Measuring  Instruments  of  low  capa- 
cities for  commercial  work. 

They  embody  a  refinement  in  design  and  Mechanical  and  Electrical  detail 
and  workmanship  which  would  seem  to  be  impossible  of  attainment  if  the 
results  were  not  present  in  the  instruments  themselves. 
They  possess  the  characteristics  and  high  grade  qualities  of  the  well  known 
Weston  Standard  Instruments;  they  are  Dead-beat — Accurate — Durable. 
The  prices  are  sufficiently  low  that  any  one  can  afford  to  own  one  of  these 
attractive  instruments. 

Send  for  Bulletin  No.  8  which  gives  full  description  and 
lists  of  over  300  ranges  and  types  for  various  purposes. 

WESTON  ELECTRICAL  INSTRUMENT  CO.,  Newark,  N.  J. 


THE 


LUNKENHEIMER 
CAST  STEEL  VALVES 

Thetio  v.ilves  arc  particularly  adapted  for  extreme  condi- 
tions of  superheat  and  strain. 

They  are  the  only  Cast  Steel  Valves  made  to  meet  standard 
specifications,  and  are  the  only  steel  valves  containing  less  than 
.05  per  cent  of  either  phosphorus  or  sulphur. 

The  tensile  strength  of  Lunkenheimer  Ca.tl  Steel  is  about 
SO. 000  pounds  per  square  inch. 

All  parts  subjected  to  wear  are  renewable. 

Made  in  two  combinations  as  regards  material  used  for  the 
trimmings,  to  meet  various  conditions  of  pressure  and  super- 
heat. 

Liiiiki  nfii  imir  Cast  Steel  Vahes  include  Globe,  Angle,  Gate 
X(jii-rrturi;  Safety  Boiler  Stop,  etc. 

This  line  of  valves  is  also  made  in  "Puddled"  Semi-sleet  and 
Cast  Iron. 

Your  local  dealer  can  furnish  them;  if  not.  write  us. 
Write  for  catalogue. 

LUNKENHEIMER     COMPANY 


Largest    Manufacturers  of    High    Grade 

Engineering    .Specialties    in    tlie    World 

General    OfFces  and  Works:     CINCINNATI,    OHIO,   U.  S.  A. 

New  York.  Chicago.  Boston,  Lontion,  S.  E. 

64-68  Fulton  Street.        1S6  N.  Dearljorn  Street.        138  High  Street.       35  Great  Dover  Street 
15-4 


WHEELING  MOLD  &  FOUNDRY  CO. 

WHEELING,  W.  VA. 
Pittsburgh  Office,  Farmers  Bank  BIdg.  New  York  Office,  1401  Singer  Tower 

Steel  Castings 

to  100.000  pounds 

Chilled  Rolls 
Steel  Rolls 
Sand  Rolls 


Steel  Works 
Equipment 

Special  Machinery 

Cut  Gears 

No  work  too  big  for  us 
800  men  employed 


Bloom   Shear 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   v^ith    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 

Eliminates  Heavy  Shocks  and 
Vibration 


Bl^     i|a{ 

1  !■'  Em    1'  1 1 . 

SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Typt 
LARGE   SIZES— Four   Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

UANUPACTXTRED  TTNDER  DAW  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK  BUILDING PITTSBURG.   PA.    *" 
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YALE 

Triplex  Block 

THE  (YALE)  Triplex  Block  is 
the  only  block  that  is  "  from- 
hook-to-hook-a-line-of-steel."  This 
is  an  advance  announcement.  Order 
now  tor  October  delivery. 

The  Yale  &  Towne  Mfg.  Co. 

9  East  Fortieth  Street,        -        New  York 

The  Makers  of  Yale   Products 


Chain  Blocks,  Electric  Hoists,  Locks, 
Padlocks   and     Builders'    Hardware. 


Local  Offices:  Chicago:     74  E.  Randolph   St. 
San  Francisco  :   134  Rialto  Bldg. 


SPRAGUE 
ELECTRIC 


HOISTS 


Ten  years  ago  the  Electric  Hoist  was  a 
novelty  and  a  luxury. 

To-day  it  is  a  necessity. 

Sprague  Electric  Hoists  have  been  designed 
for  a  great  variety  of  applications,  and  all  classes 
of  service. 

Consult  our  Experts  without  obligation. 

Write  for  Pamphlet  No.  90160 


SPRAGUE  ELECTRIC  WORKS 

OF  GENERAL  ELECTRIC  COMPANY 
Main  Offices :    -      -    527-531  West  34tli  St.,  New  York 

BRANCH   OFFICES  IN   PRINCIPAL  CITIES 
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"There  is 

nothing  in 

Goodrich 

Advertising 

that  isn't  in 

Goodrich 

Goods" 


It  gets  its  long  life 
from  the  rubber  tree 

The  rubber  tree,  as  every  reader  know; 
is  exceedingly  long  ot  life.     This  quality  of 
long  life  is  literally  drawn  from  the  rubber 
tree  and  transferrer]  to 


^ 

LD^DLIP^        ' 

jjJv/iiVLijj  jJi:/ 

Tlii-  belt  is  built  up  of  -ih(  i,il,  liaid,  clo-c  \\T)\-rii  duck,  the  plies  of 
which  are  bound  together  with  friction  of  a  ver>'  high  grade  rubber. 
Upon  this  strong  and  durable  backing  is  placed  a  coat  or  cover  of  wear- 
resisting,  long-lived  rubber.     That's  why  Longlife  Conveyor  Belt 

Handles  more  tons  per  dollar  cost  than  any 
other  belt  made 

Longlife  Conveyor  Belt  is  used  by  such  concerns  as  Tacoma  Snu'lling 
Co.,  Tacoma.  Wash.,  Garfield  Smelting  Co.,  Garfield.  Utah,  Ray  Consolidated 
Copper  Co.,  Ray,  Ariz.,  China  Copper  Co.,  Santa  Rita,  N.  Mex.,  New  ,I( 
Zinc  Co.,  New  York  City.  Others  ol  our  customers  have  been  mentlu 
in  recent  advertisements. 

Write  us  for  list  of  Longlife  users  in  your  own  line  of  business  with 
all  the  facts  concerning  the  kind  of  service  they  are  getting 

The   B.  F.  Goodrich  Company 

Factories,  Akron,  0. 


Sranches  in  al 


leadi 


Tliiifs  iiesl 


ng  cities 


C  on  vey  ors 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

Li.st 
No.  Price 

430     Hydraulic  Hoisting  Plant  for  Pier  of  Brooklyn  Sugar 

Refining  Co.,  Engel $     .20 

544     Haulage  by  Horses,  Briggs 40 

1090     Measuring  and  Mixing  of  Crushed  Materials,  Trump.  .        .20 

1190  Hoisting  and  Conveying  Machinery,  Titcomb 20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  TomUnson.  .       .10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

1234  A  Unique  Belt  Conveyor,  Soper 10 

1235  Automatic  Feeders  for  Handling  Material,  Baldwin.  .  .       .10 

2JL0 

Price,  per  set,  $2.00  (Members'  rates  are  half  the  list  price) 

Address,  Calvin  W.  Rice,  Secretary,  29  W.  39th  Street,  New  York 


12 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 

JOHN    A.    ROEBLING'S    SONS    COMPANY 

TRENTON,   N.  J. 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


Cleveland 
Seattle 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 
SPECIAL     MACHINERY 


Friction  Clutch  Pulleys  | 

and  Couplings 

WORKS:    ELIZABETHPORT 
NEW  JERSEY 


RON     CASTINGS 

Sales  room: 


Gears  of  all  kinds 
and  sizes 

79   BARCLAY  ST. 
NEW  YORK  CITY 


JEFFREY  CO-OPERATION  AND  SERVICE  ARE  OF 

GREAT  VALUE  TO  THE  DESIGNING  AND 

CONSTRUCTING  ENGINEER 

You  are  daily  confronted  with  problems  dealing  with    the   economical    hand- 
ling of   materials,  increasing  plant  efficiency,  etc. 

Jeffrey  STANDARD  Machinery  can  be  readily  adapted    to   meet   your  re- 
quirements. 

Our  experience  is  yours.     Let  us  confer  with  you. 


JEFFREY  MANUFACTURING  CO., 


Columbus,  O. 


New  York 
Boston 


Philadelphia 
Pittsburg 


Cleveland  Chicago 

Charleston,  W.  Va.     Birmingham 


Denver 
Montreal 
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MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 

85-87-89  LIBERTY  STREET  NEW  YORK 


jIlUAiCl 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS  FLOOR  STANDS 

FRICTION  CLUTCH  COUPLINGS  HEAVY  MILL  BEARINGS 

FRICTION  CLUTCH  QUILLS  SHAFT  COUPLINGS 

FRICTION  CLUTCH  OPERATORS  SHEAVES  and  TENSION  CARRIAGES 

FRICTION  CLUTCH  SHEAVES  PULLEYS  and  FLY  WHEELS 

FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
Vew  York  City,  206  Fulton  St.    Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


This  is  the  hoist  with 
standardized  steel 
gears  and  perfect  valve 

i-fc-t  j^j-il->  ->»->■<->  ■rvfc    I         '-^*     "s     send     you 

meC  nanism    !         complete  catalog  33 

CLYDE  IRON   WORKS 


DULUTH,    MINN.,    U.   S.   A. 
'You'll  find  a  repeat-order  built  into  every  hoist  of   Clyde-Grade' 


Green  Chain  Grate  Stokers 

For  Water  Tube  and  Tubular  Boilers 
GREEN  ENGINEERING  CO. 

Steger  Building  Chicago,  111. 

Catalogue  "  G  "—Green  Chain  Grate  Stokers  for  free  burning  bituminous  coals. 
Catalogue   "  L  "—Green  Chain  Grate  Stokers  for  coking  coals. 
Catalogue  No.  8— GECO  Pneumatic  Ash  Handling  Systems. 
Sent  on  application 


New  York 
Philadelphia 


Pittsburgh 
Chicago 


Keeler  Cross  Drum 
Boiler 

All  wrought  Steel  Construction. 
Designed    for  limited   ceiling  space 
or  restricted  openings. 
Shipped  "knocked  down." 

Ask  for  New  Catalog 

Established  1864 

E.  Keeler  Co.,      Williamsport,  Pa. 

Huntingdon,  W.  Va.         Dallas  Seattle 

New  Orleans  San  Francisco 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  U  Fedenl  SL 
PirrSBURGH,  Farmera  Deposit  Bani  Bldj 
SALT  LAKE  CITY,  313  Atlas  Block 
CLEVELAND.  New  England  BIdg 
LOS  ANGELES.  American  Bank  Bldg. 


BRANCH   OFFICES 
PHILADELPHIA,  North  American  BIdg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,   Marquette  BIdg. 
PORTLAND,  ORE..  Wells-Fargo  Bldg. 
SEATTLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO,  99  Flnt  Sam 
DENVER,  435  Seventeenth  StjMt 
ATLANTA,  Caqdier  Bldg. 
HAVANA,  CUBA,  U61  C«n»  i»  1» 
CINCINNATI.  TrscUon  Bldg. 


COTCH  BOILERS 

RY   AND   WATER    BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 
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CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 


Standard  Ball  and  Roller  Bearings 

Thrust  Bearings  in  capacities  up  to  2,000,000  pounds. 

Journal  Bearings  in  capacities  of  100,000  pounds,  and 
light  loads  at  25,000  R.P.M. 

Standard  Roller  Bearing  Company 

50th  Street  and  Lancaster  Ave.  Philadelphia,  Penna. 


INDIVIDUAL  SAIMITAKI   WAbhl  bOWL^ 

Arranged  In  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Bqulpment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
StoolB,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUPACTURINQ     EQUIPMENT   &   ENOINEERING    COMPANY.     BOSTON.     MASS. 

Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820  Elevator,  C.  R.  Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretabt,  29  West  39th  St.,  New  York 

IG 


BROWN   PYROMETERS 


Have  been  the  recognized  standard 
since  1860,  and  they  have  the  larg- 
est sale  to-day.  Can  we  send  a 
copy  of  our  new  56  page  catalogue 
describing  these  instruments  ? 

THE  BROWN  INSTRUMENT  CO. 

Philadelphia,  Pa. 


^^RITE    for  a  copy  of  our 
booklet    entitled    *The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American=Ban  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,        BOUND  BROOK,  N.  J. 


Condensers 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

291  Surface  Condensers,  J.  M.  Whitham $  .10 

534  An  Evaporative  Surface  Condenser,  J.  H.  Fitts 10 

693  A  Self  Cooling  Condenser,  R.  Alberger 20 

798  Coohng  Tower  and  Condenser  Installations,  J.  H.  Vail 20 

1072  Condensers  for  Steam  Turbines,  Geo.  I.  Rockwood .20 

$  .80 

Set  Complete,  $  .76  Members'  rates  are  bait  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


O'K.  SPEED  REDUCING  TRANSMISSIONS 


RATIOS  4:1  UP  TO  1600:1 
1    TO    100    HORSEPOWER 


WRITE  FOR 
BULLETIN  E. 


We  recommend  the  O'K.  Reducer  tor  heavy  duty  and  continuous  service.  They  are  highly  efflcient,  strong 
and  durable,  being  entirely  incased  and  oil  tight,  as  well  as  dust  and  fool  proof.  All  the  parts  move  in  the 
same  direction,  and  you  will  note  by  taking  power  from  three  points  of  the  king  pinions  it  gives  a  well 
balanced  drive  of  great  emergency  strength.  ,..,n-.-.i.r   »«  „  e* 

D.  O.  JAMES  MANUFACTURING  CO.  "'cm^i^  ilL      CUT  GEARING 


17 


ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Department    of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 
UNIVERSITY  HEIGHTS,  N.  Y.  CITY 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering. 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical,  Electrical  and 
Chemical  Engineering  and  General  Science  lead- 
ing to  the  degrees,  C.  E.,  M.  E.,  Ch.  E.  and  B.  S. 
Also  special  courses. 

Unsurpassed  laboratories. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO 


Bert.  L.  Baldwin  Garrett  W.  Simpkinson 

Members  A.  S.  M.  E. 

BERT.  L.  BALDWIN  &  CO. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven     Wm.  W.  Crosby- 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects 

Exchange  Building,  53  State  St., 
BOSTON,  MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests    of    Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.    Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue, 

NEW  YORK  CITY. 


FORD.  BACON  &  DAVIS 

Engineers 


115  Broadway 
NEW  YORK 


New  Orleans 


San  Francisco 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201   Devonshire  Street,  BOSTON,   MASS. 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards 


IS 


MACHINE    SHOP    EQUIPMENT 


MACHINE   SHOP   EQUIPMENT 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 

Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Tlu-cad  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


THE  CARBORUNDI  I\l  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturer.?  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniforml.\-  perfect  abrasive  material  tinown.  The  Carborundum  pro- 
ducts include:  Grindint;  Wliecls  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Hrirks.  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HARTFORD  SPECIAL  MACHINERY 

HARTFORD,  CONN. 


CO. 


Builders  of  High  Grade,  Accurate, 
and  Tools. 


Special  Machinery,  Fixtures,  Jigs 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 


Manufacturers  of  Grinding  Machines. 
Grinders,  Surface  Grinders,  Drill  Grinders. 


Internal  Grinders,   Cylinder 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  tjTDCS,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  .sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J  to  6  tons. 


TAPS 

AND 

DIES 


CARBO- 
RUNDUM 
PRODUCTS 
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MACHINE  SHOP   EQUIPMENT 


TURRET 
LATHES 


HEAVY   DUTY 

BORING 

MILLS 


LATHES 

MILLING 
MACHINES 


MACHINE 
TOOLS 

ENGINEER- 
ING 
SPECIALTIES 


METAL  SHOP 
AND 

FACTORY 
EQUIPMENT 


PINIONS 

AND 

GEARS 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


TURRET 
LATHES 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


THE  KING  MACHINE  TOOL 

CINCINNATI,  O. 


CO. 


Vertical  Turret  Machines,  28' 
Machines,  42"  to  84",  inclusive. 


and  34".     Vertical  Boring  and  Turning 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  liathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNING.  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many- 
branches  of  machine  tool  building  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 
BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


NEW  PROCESS  GEAR  CORPORATION 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  liigh-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  fully,  will 
be  mailed  on  request. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  $0.30;  No.  1083 
Belt  Creep:  W.  W.  Bird,  price  SO. 10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discussion,  price  $0.70. 
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MACHINE   SHOP   EQUIPMENT 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 


n   Broadway 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  SOOO  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St.,  Now  York  2007  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


SAND 
RAMMERS 

AIR  TOOLS 
AND  HOISTS 

COMPRESS- 
ORS 


FOUNDRY 
MOLDING 
MACHINE 
EQUIPMENT 


BLOWERS,  FANS,   DRYERS,   ETC. 


H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 


Positive  Pressure  Blowers  for  foundries.    High  Pressure  Blowers.    Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.     Positive  Rotary  Pumps.     Positive  Pressure  Gas 

E.xhaustcrs.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  condition.s. 
Large.'^t  .standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


BLOWERS 

GAS 

EXHAUST- 
ERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZ- 
ERS 

ENGINES 
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ROLLING     MILL     MACHINERY 


ROLLING    MILL    MACHINERY 


ENGINES 

ROLLING 

MILL 

MACHINERY 


STEAM 
HYDRAULIC 
FORGING 
PRESSES 


ROLLING 

MILL 

EQUIPMENT 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 
Engines,  single  and  compound,  corliss  reversing  and  blowing.     Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


WHEELING  MOLD  &  FOUNDRY  CO. 

Pittsburgh,  Pa.  WHEELING,  W.  VA.  New  York,  N.  Y. 

Designers  and  Builders  of  Steel  Works  and  Rolling   Mill  Equipment. 
Steel  Castings  machined  or  in  the  rough.     Chilled,  Sand  and  Steel  Rolls. 


PUMPS  AND  HYDRAULIC  TURBINES 


PUMPING 
MACHINERY 


PUMPS 

CONDENS- 
ERS 


PAPERS 

ON 

PUMPS 

AND 

HYDRAULIC 

TURBINES 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.      Literature  upon  request. 


M.  T    DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St. 

High  grade  economical  Pumps  for  all  services 
densers. 


Boston:  30  Oliver  St. 
Surface  and  Jet  Con- 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  381.  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Com- 
mittee Report,  price  $0.30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  S.  Nagle,  price 
$0.10;  No.  1110.  Development  of  Water-wheel  Governor:  M.  A.  Replogle,  price  $0.20; 
No.  1113.     Turbine  Design  as  Modified  for  Close  Regulation:  G.  A.  Bovinger,  price  $0.10. 
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PUMPS     AND     HYDRAULIC     TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  suppl.v,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  every  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydrauhc  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


LAMMERT  &  MANN 

215-221  N.  Wood  St.  CHICAGO,  ILL. 

Engineers  and  Machinists 

Manufacturers   of   Rotary   Vacuum   Pumps  for  highest  dry   vacuum, 
Lead  Pumps,  Rotary  Blowers,  etc. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  n.  y. 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


PUMPS 
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ENGINES 


STEAM   ENGINES  AND    BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, 80  to  1  000  h.  p.;  doul^le  angle  compound,  IGO  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,G00  h.  p. 


WATER  TUBE 
BOILERS 


ENGINES 
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STEAM    ENGINES    AND    BOILERS 
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BOILERS 


BOILERS 


PAPERS 

ON 

STEAM 

ENGINES 

AND  BOILERS 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  fo\ir  valve,  enclosed  high  sjjeed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  li.p. 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 
Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pressure:  J.E.Howard, 
price  $0.30;  No.  1298.  Combustion  .and  Boiler  Efficiency:  E.  A.  Uehling,  price  $0.30;  No. 
1308.    Oil  Fuel  for  Steam  Boilers:  B.  R .  T.  Collins,  price  $0.20. 
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STEAM   ENGINES  AND   BOILERS 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 

Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  tj'pes  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE 

VILTER 

MFG. 

CO. 

1070-1088 

Clinton  St. 

Established 

1867 

MILWAUKEE, 

WIS. 

Builders  of  Corliss  Engines 
Connected  Service,  medium  or 

,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or 
high  speed.     Ice  and  Refrigeration  Machines. 

Direct- 

WEIMER  MACHINE  WORKS  COMPANY 

LEBANON,  PA. 
Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Cinder 
and  hot  metal  cars.  Furnace  Bells  and  Hoppers.   Rolling  Mill  castings. 
Special  attention  paid  to  quick  repair  work  and  work  governed  by  En- 
gineers'  specifications. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1071.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price 
$0.10;  No.  922.  Effect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price 
SO.  10;  No.  873.  Comparison  of  Rules  for  Calculating  the  Strength  of  Steam  Boilers: 
11.  de  B.  Parsons,  price  $0.10;  No.  819.  Boiler  and  Furnace  Efficiency:  R.  S.  Hale,  price 
$0.30. 


COMPLETE 
POWER 
PLANT 
EQUIPMENT 


BOILERS 


ENGINES 

REFRIGERA- 
TING 
MACHINERY 


BLAST 
FURNACE 

BLOWING 
ENGINES 


PAPERS 

ON 

STEAM 

ENGINES 

AND 

BOILERS 


OIL  AND    GAS    ENGINES  AND  GAS  PRODUCERS 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


AUGUST  IVIIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  200,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


REFRIGERA- 
TING    AND 
ICE     MAKING 
MACHINERY 

OIL  AND  GAS 
ENGINES 


OIL 
ENGINES 
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OIL    AND    GAS    ENGINES   AND   GAS    PRODUCERS 


GAS 

ENGINES 
AND 
PRODUCERS 


GAS 
PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H.  P. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.  Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.     Tar  Extractors  and  Gas  Cleaning  Plants. 


PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  1336.  Symposium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
.S0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  SO. 10; 
No.  S-11  X.  A  Regenerator  Cycle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  .S0.90;  No.  123S.     Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


CONDENSERS 

CENTRIFUGAL 

PUMPS 

HEATERS 

COOLING 

TOWERS 


&  CONDENSER   CO. 

NEW  YORK 


ALBERGER   PUMP 

140  Cedar  St. 

Complete  condensing  equipments.  Surface,  jet  and  barometric  types.  Centrifugal 
pumps,  steam  turbines,  water  turbines,  vacuum  pumps,  water  meters,  feed  water  heaters_ 
cooling  towers,  expansion  joints. 

See  pages  8S,  89,  90  of  Condensed  Catalogs  of  Mechanical  Equipment. 


VALVES 

SLIDE  AND 
PISTON 
DISTRIBU- 
TION 


VALVES 
GAUGES 
INDICATORS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN   STEAM   GAUGE  AND   VALVE  MFG.  CO. 

BOSTON.  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.    The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  108.5.  Performance  of  a  Superheater:  A.  Bement,  price  $0.10  ;  No.  1070.  A  Twist 
Drill  Dviiamometcr:  11  P.  Fairfield,  price  $0.10;  No.  921.  The  Bursting  of  Small  Cast 
Iron  Fly-Wheels:  C.  H.  Benjamin,  price  $0.20;  No.  1144.  Balancing  of  Pumping  En- 
gines: A.  F.  Nagle,  price  $0.10. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


w. 

N. 

BEST 

11  Broadway 

NEW  YORK  CITY 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid 
fuel  equipment. 

THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol'a.Recording  Thermometers. 
The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters,  Ammeters 
and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt  Lacing. 


THE  BROWN  INSTRUMENT  CO. 

Established  1860  PHILADELPHIA,    PA. 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  be  manufactured  in  this  coun- 
try, and  having  the  largest  sale  today.  Also  manufacturers  of  Thermometers,  speed  in- 
diiators  and  Recorders,  Voltmeters,  Ammeters  and  kindred  instruments. 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  VOHK       ST.   LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates. 
Send  for  catalogue. 


CRESCENT  MANUFACTURING  CO. 

SCOTTDALE,  PA. 

Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups. 


DIAMOND  POWER  SPECIALTY  COMPANY 


70  First  St.,  DETROIT 
1534  Monroe  Bldg.  Bourse  Bldg.  702  Singer  Bldg. 

CHICAGO  PHILADELPHIA  NEW  YORK 


Suite  24—19  Pearl  St. 
BOSTON 


Mechanical  Systems  for  cleaning  Soot  from  heating  surfaces  in  all  stand- 
ard makes  of  Boilers.      Snot  Blowers  for  all  Standard  Boilers. 


VALVES 
GAUGES 


OIL  AND  TAR 
BURNERS 

FURNACES 


RECORDING 
GAUGES 
AND 

INSTRU- 
MENTS 


PYROM- 
ETERS 

THER- 
MOMETERS 

TACHOM- 
ETERS 


VALVES 


LUBRICA- 
TORS 

GREASE 
CUPS 


SOOT 

BLOWER 

SYSTEMS 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  $0.10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
80.30;  No.  10G4.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  $0.10;  No. 
S  30  Xa.    Efficiency  Testa  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10. 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


STOKERS 

PNEUMATIC 

ASH 

CONVEYORS 


FORCE  FEED 
LUBRICA- 
TORS 


LUBRICATION 
PUMPS 


GREEN  ENGINEERING  CO. 

Steger  BuUding  CHICAGO,  ILL. 

Green  Chain  Grate  Stokers  for  free  burning  and  coking  bituminous  coals. 
GECO  Pneumatic  Ash  Handhng  Systems. 
See  pages  50  and  51  of  Condensed  Catalogues  of  Mechanical  Equipment. 


GREENE,  TWEED  &  CO. 

109  Duane  St.  NEW  YORK 

Rochester  Automatic  Force  Feed  Cyhnder  Lubricators,  1 3r  the  lubrica- 
tion of  all  types  of  engines,  pumps  and  air  and  ammonia  compressors. 
See  page  159  of  Condensed  Catalogs  of  Mechanical  Equipment. 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made   in  any   number   of  Feeds  or 
Compartments. 


VALVES 


VALVES 


STEAM 
TRAPS 


SEPARA- 
TORS 


REGULA- 
TORS 


AIR 

COMPRESS- 
ORS 

AIR  TOOLS 
AND   HOISTS 


VALVES 

PACKING 
DISCS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Alotor  Hoi.sts, 
capacity  J^  to  5  tons. 


NEW  YORK 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  .10.10;  No.  1287. 
Experimental  Analysis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  $0.20;  No. 
S43X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  2G  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


NEW  YORK 


JENKINS  BROS. 

BOSTON  PHILADELPHIA  CHICAGO 


Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  made  in  brass,  iron  body,  and 
cast  steel,  in  a  variety  of  types,  suitaV)lr  for  niodcratc,  medium  or  extra  heavy  pressures. 
Also  a  line  of  high  grade  mechanical  rubber  goods  jiichiiling  slieet  packing,  gaskets,  gasket 
tubing  and  pump  valves.     Illustrated  catalogue  .sent  on  re(iuest. 
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POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


ROBERT  A.  KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:    6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors  for  Steam  Engines,  Turbines,   Gas   Engines.     Mechanical 
Control  Power  Regulation. 

See  Page  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


POWER  SPECIALTY  CO. 

Ill  Broadway  NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  Fittings:  Com-report,  price  $0.10;  No.  1297.  Transmission  of  Heat  in  Surface 
Condensation:  G.  A.  Orrok,  price  $0.50;  No.  1259.  Cooling  Towers  for  Steam  and  Gas 
Power  Plants:  J.  R.  Bibbins,  price  $0.40;  No.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Kockwood,  price  $0.20. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves  for  all  purposes. 
Sjiecial  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cup.-, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quartrr 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 
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PURIFYING 
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FILTERING 
SYSTEMS 


RECORDING 
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AND  GAUGES 

TACHOMETERS 
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FEED-WATER 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 


WM.  B.  SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURGH,  PA. 

26  Cortlandt  St.  -^  New  York 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic  purposes. 


THE  SCHAEFFER  &  BUDENBERG  MFG.  CO. 

BROOKLYN,  N.  Y. 
Instruments  for  Measuring,  Indicating  and  Recording  Temperature, 
Pressure  and  Speed. 

See  page  182,  Condensed  Catalogues  of  Mechanical  Equipment. 


SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syphona,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,  Feed  Water  Heaters,  etc. 


C.  J.  TAGLIABUE  MFG.  CO. 

32  THIRTY-THIRD  ST.  BROOKLYN,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
.See  our  Condensed  Catalogue  in  April  1911  number  of  The  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundries  and  all  general  pxirposes.  All  classes  of  Petroleum  Products  of 
the  highest   quahty. 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:   CARTERET,  N.  J. 

Surface,  .let  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 


NEW    YORK 


SAN    FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Water  Heaters,Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  Unnecessary  Losses  in  Firing  Fuel  Coal:  C.  R.  Weymouth,  prioe  $0.30;  No 
1213.  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price 
$0.20;  No.  1165.  The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.  E 
Junge,  price  $0.40;  No.  1245.    Some  Propertiea  of  Steam:  R.  C.  H.  Heck,  price  $0.10. 
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HOISTING   AND   CONVEYING    MACHINERY 


HOISTING  AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 


p«™^oH  CLEVELAND,  O.,  U.  S.  A.  f^'ZlT"'"'' 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price 
$0.10;  No.  1234.  A  Unique  Belt  Conveyor:  E.  C.  Soper,  price  $0.10;  No.  1300.  Operating 
Condition  of  Passenger  Elevators:  R.  P.  Bolton,  price  $0.20;  No.  1161.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  >S.  B. 
Fowler,  price  $0.20. 
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THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery:  Coal  and  Ashes  Rand- 
ling  Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washcries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mini-  Equip- 
ments. 


LIDGERWGOD  MFG.  CO. 


96  Liberty  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists.  Cable- 
ways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyons  for  every  purpose;  all  accessories;  Power 
Transmission  Machinerv. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


ROBINS  CONVEYING  BELT  COMPANY 

13  Park  Row,  New  York 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  convoying  ore,  rook,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A. 

ROEBLING'S 

SONS 

COMPANY 

TRENTON, 

N.  J. 

Manufacturers 

of  Iron,  Steel  and 

Copper  W 

ire  Rope, 

and  Wire 

of 

every  description. 

SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.    Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and  Hoists;  Coal  and  Ore  HantUing  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 
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HOISTING  AND  CONVEYING   MACHINERY 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  C(J.) 
TIFFIN,  OHIO  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevatins,  Conveyinft  and  Power  Transmitting  Machinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Sjstcms  for  power  plants  and  buildings.  Chain  belting. 
Gearing. 


THE 

YALE  & 

TOWNE  MFG. 

CO. 

9  E.  40th 

St. 

NEW  YORK  1 

Maker 
is  made  in 
Hoist  in  10 

s  of  the 

14  sizes, 

sizes,  \ 

Triplex  Block  and  Electric  Hoists, 
with  a  lifting  capacity  of  from  j  to 
to  16  tons. 

The  Tripl 
20  tons; 

3x  Block 
Electric 

ELE>r>TING 

CONVEYING 

POWER 
TRANS- 
MITTING 
MACHINERY 


CHAIN 
BLOCKS 

ELECTRIC 
HOISTS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Twenty  standard  Air  Compressor  tjTjes,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  ^  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


AIR 
COM- 
PRESSORS 

PNEUMATIC 
TOOLS 


AIR 
COM- 
PRESSORS 

TOOLS 

HOISTS   AND 

SAND 

RAMMERS 


ELECTRICAL   APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


SPRAGUE  ELECTRIC  WORKS 

of  General  Electric  Co. 
527-531  W.  34th  St. 


NEW  YORK 


Manufacturers  of  D.  C.  Generators,  Electric  Motors,  Electric  Hoists, 
Electric  Fans,  Conduits,  Armored  Cable,  Outlet  Boxes,  Armored  Hose. 


ELECTRIC 
DRIVE 


GENERATORS 
MOTORS 
HOISTS 
FANS 
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ELECTRICAL  APPARATUS 


DYNAMOS 

MOTORS 

TRANS- 
FORMERS 

INSTRU- 
MENTS 


PRECISION 
INSTRUMENTS 


PAPERS 
ON 

ELECTRICAL 
APPARATUS 


WAGNER  ELECTRIC   MANUFACTURING  COMPANY 

ST.  LOUIS,  MO. 

Sintrlc-Phase  Motors.  Polyphase  Motors.  Transformers,  Power  &  Pole  Type.  Instru- 
Miciit.s,  a  loiuplete  line.  A.  C.  Generators.  Converters  for  charging  vehicle  batteries  from 
A.  ('.  Kectifiers  for  charging  small  storage  batteries  from  A.  C.  Train  Lighting  (Electric) 
Equipments.     Automobile  Self  Starters  (Electric),  etc. 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

NEWARK,  N.  J. 

Manufacturers  oi  Miniature  Precision  Instruments  for  Direct  Cur- 
rent.    Over  300  ranges  and  types  for  various  purposes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  $0.20;  No.  485.  The 
Electric  Railway  as  applied  to  Steam  Roals:  B.  J.  Dashiell,  Jr.,  price  fO.lO;  No.  845. 
The  Mechanical  Equipment  of  the  New  Sjuth  Station:  W.  C.  Kerr,  price  $1.00;  No. 
1043.  Middlesborough  Dock  Electric  and  Hydraulic  Power  Plant:  V.  L.  Raven,  price  $0.30. 


POWER  TRANSMISSION 


PULLEYS 


PULLEYS 


SHAFTING 

PULLEYS 

HANGERS 


POWER 
TRANS- 
MISSION 

ELEVATORS 

CONVEYORS 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.'  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.      120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY 

ONEIDA,  N.  Y. 


CO. 

CHICAGO,  ILL. 


range 
to  8V' 


Tie  largest  manufacturers  of  Pulleys  in  the  world.    Our  Steel  Pulleys 
e  from  6  to  126"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
Let  us  send  you  our  booklet  illu.strating  all  styles. 


THE 

A.  & 

F. 

BROWN 

CO. 

79  Barclay 

St. 

NEW 

YORK 

Manufacturers  of  Shafting, 

Pulleys, 

Hangers, 

etc.. 

for 

Transmission  | 

of  Power 

DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
Water  Softener.     Send  for  general  catalog  C-10. 
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POWER    TRANSMISSION 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,   rope  or  gear  driving,   including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


D.  O.  JAMES  MANUFACTURING  CO. 

1120-22  W.  Monroe  St.  CHICAGO 

Speciahsts  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm 
gears,  rawhide  pinions,  racks,  incased  worm  gear  reductions,  O'K.  speed 
reducing  transmissions  4:1  up  to  1600  :L 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern   and   Approved   Appliances  for  the  transmission  of  Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


POWER 

TRANS- 

M'SSION 

APPLIANCES 


POWER 
TRANS- 
MISSION 


CUT 
GEARING 

SPEED 
REDUCING 
TRANSMIS- 
SIONS 


PULLEYS 

PAPER 
FRICTION 
TRANS- 
MISSION 


POWER 
TRANS- 
MISSION 


ENGINEERING  MISCELLANY 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 

Aluminum  Ingot,  Sheet,  Rod,  ^Yire,  Cable,  Tubing  and  other  forms. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Size,  Weight  and  Strength.     Large  and  Accurate 
Machine  Work.    Grinding  and  Polishing  Machines. 


ALUMINUM 


CASTINGS 

MACHINE 
WORK 

GRINDING 
MACHINES 


ENGINEERING  MISCELLANY 


WATER 
FILTERS 


HEATING 
BOILERS 

RADIATORS 


BRIGHT 
COLD 
FINISHED 
STEEL  BARS 


PAPERS 
ON 

POWER 
TRANS- 
MISSION 


ROBERTS    FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


THE  H.   B.  SMITH  CO. 

WESTFIELD,  MASS. 

Sectional  Cast    Iron  Water  Tube  and   Return  Flue   Boilers.      Also 
Direct  and  Indirect  Radiators  for  Steam  and  Water  Warming. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
bins,  J.  Riddell  and  discussion,  price  $1.10;  No.  1335.  Variable-speed  Power  Transmission: 
G.  H.  Barrus  and  C.  M.  Menly,  price  $0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving: 
S.  Haar,  price  $0.20;  No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth, 
price  $0.50. 


BALL   BEARINGS 


BALL 
BEARINGS 


BALL 
BEARINGS 


BALL 
AND 
ROLLER 
BEARINGS 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings, 
Auburn  Special  Ball  Thrust  Bearings,  Auburn  Steel,  Brass  and  Bronze 
Balls,  Solid  and  Hollow. 


THE  FAFNIR  BEARING  COMPANY 

NEW  BRITAIN,  CONN. 

Sales  Agents:  The  Rhineland  Machine  Works  Co.,  140  W  42nd  St.,  New  York  City. 

High  grade  Ball  Bearings  made  of  the  finest  materials  to  the  closest 
standards  of  accuracy  in  the  world. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  ail 
purposes.    Steel,  Bronze  and  Brass  Balls. 
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CONDENSED 
CATALOGUES 

OF 

MECHANICAL 
EQUIPMENT 

POWER  TRANSMISSION  MACHINERY 

HOISTING,  ELEVATING  AND  CONVEYING 
MACHINERY 

INDUSTRIAL  RAILWAY  EQUIPMENT 


Other  sections  of  the  G)nclensed  Catalogues  to  be  published  in  subsequent  issues 
of  The  Journal  during  1913  will  include  Metal  Working  Machinery,  Machine 
Shop  and  Foundry  Equipment,  Steel  Works  and  Rolling  Mill  Equipment, 
Pumping  and  Hydraulic  Machinery,  Electrical  Equipment,  Mining  and  Metal- 
lurgical Equipment,  Heating  and  Ventilating  Apparatus,  Refrigerating  Ma- 
chinery, Air  Compressors  and  Pneumatic  Tools,  and  Engineering  Miscellany. 

At  the  close  of  the  year  the  entire  collection  of  Condensed  Catalogues  will  be 
reprinted  in  volume  form. 


THE  AMERICAN  SOCIETY  of 
MECHANICAL  ENGINEERS 


Power  TransmittitKj  Machinery 


THE  A.  cV  F.  BROWN  CO. 


79  Barclay  Street, 
NEW  YORK  CITY 


Works: 
ELIZABETHPORT,  N.J. 


ENGINEERS.  FOUNETERS,  MACHINISTS  AND  MILLWRIGHTS.  MANU- 
FACTURERS OF  GEARS  OF  ALL  DESCRIPTIONS,  TURNED  STEEL 
SHAFTING,  PULLEYS,  SPLIT  PULLEYS,  FRICTION  CLUTCHES,  SPECIAL 
MACHINERY,  ETC. 


CUT   GEARS 

These  gears  are  cut  on  the  best 
up-to-date  automatic  machines 
obtainable,  enabling  this  depart- 
ment of  the  shcips  to  turn  out 
accurately  cut  gears  of  every  de- 
scription and  size. 

MACHINE  MOULDED  GEARS   r^ 

The  Gear  Department  of  our 
foundry  is  fitted  up  with  the  most 
modern  ge;ir  moulding  machines, 
enabling  us  to  furnish  machine 
moulded  gears  up  to  IG  feet  diam- 
eter, and  25  tons  in  weight  if  in  one 
piece,  and  heavier  if  split,  or  built 
up.  These  gears  are  much  more 
accurate  than  ordinary  cast  gears 
and  are  of  the  toughest  mixture  of 
iron. 

FRICTION   CLUTCHES 

The  F.  Brown  Friction  Clutch  is  simple,  compact 
and  having  few  small  parts  is  not  liable  to  get  out  of 
order;  engages  gradually  and  when  thrown  "in  gear" 
has  a  stronger  grip  than  any  other,  owing  to  the  large 
friction  surfaces  and  powerful  operating  device  which 
is  a  combination  of  double  ended  (or  right  and  left 
thread)  screw  and  toggle  joint. 

SIRENS 

These  fog  signals  are  used  by  the  United  States  Navy  and  Light -house 
Departments,  also  by  a  number  of  foreign  governments  and  many  steam- 
ships. They  are  also  in  use  as  fire  alarm  signals  in  small  towns  and  large 
manufacturing  plants. 


COGSWELL  MILL 


The  problem  of  grinding  or  pulverizing  many  materials  has  been 
successfully  solved  by  this  machine. 

SPECIAL  MACHINERY 

These  shops  are  particularly  well  equipped  for  building  special  machinery 
to  plans  and  specifications.  The  pattern  shop,  foundry  and  machine 
shopsarestrictly  up-to-date  in  all  particulars  and  equally  well  equipped  to 
turn  out  work  of  the  heaviest  character  as  well  as  light  machinery  requiring 
first  class  material  and  workmanship  and  most  modern  tools. 


Established  1854. 


Incorporated  1898. 


G 


ears 


THE   FALK   COMPANY 

MILWAUKEE,   WISCONSIN 

MANUFACTURERS  OF  PRECISION  HERRINGBONE  GEARS  WITH 
STAGGERED  TEETH  (WUEST  PATENTS) 


WUEST  HERRINGBONE  GEARS 

We  manufacture  a  fomplete  interchangeable  system  of  herrine;l)one  gears, 
with  teeth  generated  on  .special  machines,  designed  and  built  exclusively  for  our 
own  use. 

The  gears  which  we  jiroduce  are  hobbed,  l)oth  sides  at  once,  in  solid  blanks. 


The  ^^'uest  Sj'stem  of  stag- 
gered teeth,  besides  giving 
the  maximum  contact  surface 
for  a  given  width  of  face,  is 
invaluable  in  securing  un- 
broken continuity  of  engage- 
ment when  using  high  ratio 
])inions  with  very  few  teeth. 


A  Large 

High  Ratio 

Gear 

for  a 

Mine  Hoist 


Other  distinctive  features: — 

Highest     attainable     ac- 
curacy. 

Involute    tooth    form    on 
circumfercnlial  section. 

Invarial^le  spiral  angle. 

Perfect  interchangeabilil  y . 

Equal    efficiency    in    both 
directions. 


Fig.  I 


Wuest  herringbone  gears  transmit  power  by  smooth,  continuous  action  with- 
out jar,  shock  or  vibration. 

They  are  almost  noiseless. 

They  can  be  used  for  extremely  high  single  gear  ratios.  In  this  connection 
we  make  a  specialty  of  forged  pinions  in  one  piece  with  their  shafts.  Ratios  of 
l.l  to  1  are  quite  normal  and  20  to  1  may  be  used  when  necessary.  Wuest  gears 
can  be  riui  with  safety  at  far  higher  velocities  than  the  spur  type.  Special  gears 
for  use  in  connection  with  steam  turbines  are  suitable  for  speeds  up  to  7000  feet 
per  minute. 

Referring  to  illustrations,  Fig.  1  shows  a  large  high  ratio  gear  for  mine  hoist. 
Fig.  2  shows  an  application  of  high  ratio  gears  for  a  large  vertical  triplex  pump. 
Fig.  3  is  a  standard  turbine  gear  unit  forced  lubrication  type. 
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ears 


THE  FALK  COMPANY 


Fig.  2 

SPECIAL  ADVANTAGES 

Long  life. 

High  efficiency  (loss  never  exceeds  1%  at  rated  load). 
Elimination  of  countershafts  and  double-gear  trains. 

Absence  of  vibration  with  prevention  of  shaft  crystallization  and  breakdown 
of  motor  insulation. 

Quiet  action  with  durable  steel  pinions. 


The  range  of  application  for  Wuest  herringbone  gears  covers  every  case  where 
spur  gears  are  used  and  many  new  fields  where  spur  gears  are  impossible. 

Specially  adapted  for 
Marine  Steam  Turbines. 
Turbo-Generators. 
Turbine-driven  centrifugal  pumps. 

mills  and  shafting. 
Rolling  Mills  and  Rod  Mills. 
Tube  Mills  and  Crushing  Plant. 
Power  Pumps. 

.\ir  Compressors  and  Blowers. 
Hoisting,  Elevating  and  Conveying 

Plant. 
Rubber  Machinery. 
Machine  Tools. 


Fig.  3 
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Power   Transmitting  Machinery 


FALLS  CLUTCH  k  MACHINERY  CO. 


CUYAHOGA  FALLS,  OHIO 


NEW  YORK 
206-208  Fulton  Street 


BOSTON 
52-54  Purchase  Street 


CINCINNATI 
134  W.  Second  Street 


PULLEYS,  SHAFTING,  HANGERS,  PILLOW  BLOCKS,  COUPLINGS,  COLLARS, 
FRICTION  CLUTCH  PULLEYS,  FRICTION  CLUTCH  COUPLINGS,  AND  ALL  OTHER 
POWER  TRANSMITTING   MACHINERY. 


FALLS    FRICTION    CLUTCH    COUPLINGS,    PUL- 
LEYS, GEARS  AND  ROPE  SHEAVES 

Gripping  shoos  being  wood  are  easily  replaced. 
Parts  interchangeable,  simplicity  of  adjustment,  made 
for  twenty  years,  thoroughly  tried  out.  Friction  clutch 
1  )ulleys  with  interchangeable  babbitted  or  bronze  lined 
sleeves.    All  parts  accessible.     High  starting  torque. 

There  is  absolutely  no  contact  of  frictional  surfaces 
when  not  "in  clutch."  All  our  clutch  pulleys  are  fur- 
nished with  split  cast  sleeves  for  bearings,  which  are 
liabbitted  with  the  best  quality  of  metal,  turned  on 
the  outside  to  fit  the  hub  of  the  pulley  and  bored  on 
the  inside  to  fit  the  shaft,  thus  making  a  very  complete 
bearing.  The  sleeves  are  held  in  position  by  means  of 
two  cap  screws,  and  when  the  babbitt  is  worn  they  can  be  readily  taken  out, 
rebabbitted  and  placed  in  position  again  without  removing  the  pulley  from  the 
shaft. 

FALLS  SYSTEM  OF  ROPE  TRANSMISSION 

Owing  to  the  flexibility  of  rope  transmission,  it 
has  been  generally  recognized  by  engineers  to  be  the 
best  mechanical  means  of  power  distribution.  A 
few  of  the  many  advantages  are  that  the  location 
and  position  of  driving  shaft  from  driven  shaft  does 
in  no  way  prevent  the  use  of  same;  the  amount  of 
power  being  unlimited;  economy  in  first  cost  and 
maintenance  being  the  initial  features. 

Other  features  equally  important:  steady  running, 
noiseless,  without  electrical  disturbance,  and  no  loss 
of  ])ower  by  slii)ping.  Power  may  be  transmitted 
with  rope  by  two  distinct  methods:  as  by  the  mul- 
tiple or  Engli.sh  system,  and  by  the  continuous  or  American  system. 

We  supply  complete  equipment,  including  sheave  wheels,  tension  carriage.-; 
etc.,  and  will  design  and  estimate  for  any  contemplated  installation. 


PULLEYS 

Are  made  from  (^lo  e  Grey  Cast  Iron,  either 
solid  or  ;  plit,  for  single  and  double  belts,  turned 
tru(>  and  accurately  balanced. 

SHAFTING  AND  BEARINGS 

Ilainmered  Forgings  for  Shafting  purposes. 

Gomplete  line  of  Heavy  Rigid  and  Ring-Oiling 
Pillow  Bhx^ks  and  Base  Plates  for  extra  heavy 
and  severe  duty. 
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Power   Transmitting  Machinery 


THE   HILL  CLUTCH   CO. 

CLEVELAND,  O. 

New  York  Sales  Office,  50  Cliurch  St. 

A  COMPLETE  LINE  OF  POWER  TRANSMISSION  MACHINERY  FOR 
BELT  AND  ROPE  DRIVES,  INCLUDING  THE  WELL  KNOWN  PATENTED 
HILL  FRICTION  CLUTCH  (SMITH  TYPE)  AND  COLLAR  OILING 
BEARINGS. 


HILL  FRICTION  CLUTCHES 

(Smith  Type) 

The  new  Smith  Type  of  Hill 
Clutch  is  the  result  of  twenty-nine 
years'  experience  in  manufactur- 
ing Friction  Clutches. 

All  working  parts  are  removable 

without  disturbing  shaft,  hub  or 

pulley.       Friction     surfaces     are 

positively  disengaged.  No  springs. 

Self-centering — requires    no  troublesome    bushing   in   ring    hub    to    align 

shafts.     Toggle  mechanism  made  of  steel  and  forgings. 

Built  solid  or  split. 

HILL  COLLAR  OILING  BEARINGS 

Hill  Collar  Oiling  Bearings  minimize 
power  losses.  Instead  of  depending  upon 
a  loose  ring  or  chain  for  conveying  oil  to 
the  journal,  a  fixed  collar  is  employed. 

Oil  stored  in  large  reservoirs  in  bottom 
of  the  bearing  is  continuously  and  positively  elevated  to  the  top  reservoirs,  and 
then  flows  by  gravity  over  the  entire  bearing  surface. 

Heavy,  split  oil  collar  clamped  to  the  shaft  also  acts  as  a  thrust  collar,  eliminating 
the  necessity  of  outside  shaft  collars  except  in  case  of  very  severe  end  thrust. 


HILL   ROPE   DRIVES 

American  and  English  System  Rope 
Drives  designed,  built  and  installed. 

Our  nineteen  years'  experience  en- 
ables us  to  recommend  the  best  method 
of  installing  each  individual  drive  to 
meet  customers'  requirements. 

Preliminary  information  gladly  of- 
fered free  of  charge  to  all  contemplating 
the  installation  of  new  drives  or 
changes  in  their  present  system. 
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Steel  Split  Pulleys 


THE    AMERICAN    PULLEY   COMPANY 

4200  WissAHicKON  Ave..  PHILADELPHIA 


Cor.  Giand  &  Green  Sts. 
New  York 


165  Pearl  Street 
Boston 


124  S.  Clinton  St. 
Chicago 


MANUFACTURERS  OF  "AMERICAN"  STEEL  SPLIT  PULLEYS 


STRUCTURAL  FEATURES 

Tight  clamping  hub  eliminates  key-way  and  set  screws.  Fits  different  shafts 
by  use  of  interchangeable  bushings,  which  are  immovably  fixed  by  interlocking 
device. 

No  need  to  strip  the  shaft.  Fit  two  halves  of  pulley  together,  then  tighten 
clamping  bolts  evenly. 

Rolled  bead  on  rim 
strengthens  face  at  edge. 

Inside  flange,  to  which  ends 
of  arms  are  riveted,  secures 
extraordinary  strength  and 
trueness. 

Flat  "A"  -  braced  arms 
(edge  on)  give  perfect  rigii- 
ity  and  least  air  resistance. 

Grooved  air  escape  pro- 
vides perfect  belt  contact 
without  weakening  the  face. 

Rivets  do  not  go  through 
face.  Thus  rivet  heads  can't 
be  worn  away  by  belt. 

Rim:  One  thickness  of 
steel,  snugly  doweled  at  the 
joints.  Combines  lightness 
with  durability. 


Patented 


"American"  Steel  Split  Pulleys  represent  the  first  successful  use  of  steel  as  a 
])ulley  material.  Their  inventor,  as  was  his  right,  patented  many  of  the  Junda- 
mcntnl  principles  of  steel  pulley  construction.  The  result  is — "American" 
pulleys  are  built  along  lines  which  for  simplicity  and  correct  design  have  not 
been  equaled. 

More  "American"  pulleys  are  put  into  use  annually  than  any  other  make  of 
metal  pulley,  and  less  than  2/10  of  one  jjcr  cent,  have  failed,  in  any  way,  to  fulfill 
our  guarantee  of  double  belt  service  under  any  conditions  not  demanding  a 
special  pulley. 

There  are  "American"  dealers  almost  everywhere. 

Send  for  instructive  printed  matter. 


Variable  Speed  Transmission  and  Pulleys 


REEVES  PULLEY  COMPANY 

COLUMBUS,  IND. 

Hr:uii-h   House:   Clinton  and   Monroe  Sts..  Clucufjo 

"THE  REEVES"  PATENT  VARIABLE  SPEED  TRANSMISSION,  PATENT 
WOOD-SPLIT  PULLEYS,  PATENT  WOOD-SPLIT  PULLEY  CLUTCH; 
POWER  TRANSMISSION  APPLIANCES 


"  The  Reeves" 
Variable  Speed  Transmission 


"  The  Reeves  " 
Wood-Split  Pulley 


"THE  REEVES"  VARIABLE  SPEED  TRANSMISSION 

Construction  and  Operation.  The  essential  feature  is  that  two  pairs  of  cone 
disks  are  spline  mounted  on  two  parallel  shafts.  These  disks  are  o]:)erated  by  a 
pivoted  bar  which  is  operated  by  a  screw  in  such  manner  that  one  pair  of  disks 
is  brought  together  while  the  other  pair  is  forced  an  equal  distance  apart.  At 
the  same  time  a  uniform  tension  of  the  special  belt  is  maintained.  Efficiency 
from  80%  to  9.5%,  according  to  conditions  of  the  service. 

The  inner  sides  or  faces  of  the  disks  form  a  V-shaped  groove  into  which  is 
fitted  an  especially  designed  belt,  having  its  bearing  surface  on  the  edges  instead 
of  the  bottom,  as  with  an  ordinary  belt. 

One  set  of  disks  acts  as  driver  and  the  other  driven.  As  the  disks  are  actuated 
so  the  belt  assumes  the  large  diameter  on  one  pair  of  disks,  it  at  the  same  time 
assumes  the  small  diameter  on  the  opposite  pair,  thus  increasing  or  diminishing 
the  speed  of  the  driven  shaft,  and  giving  any  speed  between  the  two  extremes 
of  variation. 

Installation.  "The  Reeves"  Variable  Speed  Transmission  is  installed  in  the 
same  manner  as  an  ordinary  countershaft  and  may  be  placed  on  the  floor  or 
suspended  from  the  ceiling  as  desired. 

Application.  It  may  be  applied  to  any  machine  or  mechanical  device  what- 
ever requiring  variable  speed,  such  as  Iron  Working  Tools,  Canning  Machinery, 
Packing  Machinery,  Bakers'  Machinerj^  Laundry  Machines,  Textile  Machinery, 
Veneer  Cutters,   Dryers,  Cement  Machinery,  Paper  Making  Machinery,  etc. 

Sizes.  Made  in  sizes  from  2  H.P.  to  150  H.P.  Speed  Variation  as  great  as  ten 
to  one,  or  less  as  required. 

Catalogue  on  request. 

"  THE  REEVES  "  WOOD-SPLIT  PULLEY 

"The  Reeves"  Wood-Split  Pulleys  are  made  in  all  sizes  up  to  30  ft.  diameter. 
Being  fitted  with  interchangeable  bushings  they  may  be  changed  from  one  shaft 
to  another  of  different  size  at  an  expense  of  a  few  cents  for  a  new  bushing. 

Stocks  carried  in  all  jobbing  centers. 

Catalogue  on  request. 
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Wood  Split  Pulleys 


SAGINAW  MANUFACTURING  COMPAm^ 

SAGINAW,  MICH. 

MANUFACTURERS  OF  THE  GILBERT  WOOD  SPLIT  PULLEYS 


STYLE  C  PULLEY 

All  of  ovir  pulleys  are  made  of  thoroughly  seasoned  mapl(>, 
and  finished  with  two  coats  of  varnish.  Pulleys  of  this  style 
are  bolted  together — the  nuts  on  the  clamping  bolts  being 
covered  with  sectional  blocks  which  cannot  get  out  of  place 
and,  when  placing  the  pulley 
on  a  shaft,  all  parts  are  ac- 
cessible from  the  face.  Made 
in  sizes  from  3  to  11  inches 
in  diameter. 


STYLE  B  PULLEY 
Every  pulley  is  perfectly  balanced,  the  rims 
Vx'ing  turned  inside  as  well  as  outside,  and 
it  is  so  cont;tructed  that  it  does  not  get  out  of 
round.  The  spokes  are  set  to  cut  the  air,  not  to 
fan  it,  thereby  saving  power.  Pulleys  from  12 
inches  to  24  inches  in  diameter  are  constructed 
with  four  sets  of  spokes.  Sizes  from  25  inches 
to  70  inches  in  diameter  are  made  with  six  sets 
of  spokes  and  those  larger  than  72  inches  in 
diameter  have  eight. 


STYLE  D— SPECIAL  PULLEY 

This  style  has  a  solid  web  and  is  especially  adapted  for 
running  dynamos  and  trip  hammers,  or  for  other  extremely 
severe  work.  The  iron  centre  is  bored  to  exact  size  of  shaft 
and  is  provided  with  key  way  and  set  screws.  We  can  also 
furnish  this  pulley  in 
the  split  jjattern. 


T\ 


STYLE  A— SPECIAL  PULLEY 

is  is  especially  adajMed  for  main  driv- 


ing, and  f(,r  other  extremely  severe  work. 
The  rim  is  both  nailed  and  glued.  The 
sjiokes  are  securely  dovetailed  into  and 
glued  and  nailed  into  the  rim,  and  each  one 
is  set  in  a  line  running  direct  from  the 
centre  of  the  shaft  to  the  rim — thus  afford- 
ing its  utmost  supi)ort.  This  pulley  has  a 
split  iron  centre,  which  is  turned  on  the 
outside,  bored  to  exact  size  of  shaft,  and 
key  seated. 

We  also  make  \\\hA  Bushings,  Step  Cone,  Taper  Cone  and  Flange  Pulleys 
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Steel  Shafting 


COLUMBIA   STEEL    k   SHAFTING    CO. 

PITTSBURG,    PA. 


BRANCH  SALES  OFFICES 


802  Marshall  Bldg. 
BOSTON,    MASS. 


1243  Peoples  Gas  Bldg. 
CHICAGO,  ILL. 


906  B.  of  L.  E.  Bldg. 
CLEVELAND,  OHIO 


Pittsburg  Shafting  Co. 
DETROIT,  MICH. 


00  West  Street 
NEW  YORK,  N.  Y. 


TURNED  AND  POLISHED,  AND  COLD  DIE  ROLLED  STEEL  SHAFTING ; 
FREE  CUTTING  SCREW  STEEL;  COLD  DRAWN  ROUNDS,  SQUARES, 
HEXAGONS,  FLATS  AND  SPECIAL  SHAPES;  PUMP  AND  PISTON  ROD 
STEEL;  AND  SPECIAL  HIGH  CARBON  AND  ALLOY  STEEL. 


"COLUMBIA"  TURNED  AND  POLISHED  SHAFTING 

The  superiority  of  turned  sli;iftinfj,  for  certain  })iu-pose.s,  over  tlie  product  of 
the  cold  th'awing  and  cold  rollinji  processes,  is  well  known  to  most  users.  For 
transmission  purposes  in  particular,  it  is  most  preferable,  since  l)y  the  turning 
process  the  structure  of  the  steel  is  not  changed  and  the  shaft  can  be  key-seated 
without  the  results  produced  by  the  same  operation  on  a  cold  drawn  or  cold 
rolled  product. 

In  this  class  of  work  we  use  the  best  quality  of  machinery  steel  obtainable  for 
the  purpose;  the  bars  finished  by  our  method  are  highly  polished,  absolutely  true 
to  gauge  and  accurately  straightened;  in  short,  the  material  is  handled  with  all 
the  care  and  minute  attention  to  details  affecting  quality  that  characterizes  our 
entire  line  of  manufacture. 

All  "Columbia"  yiuifting  in  sizes  2  5/16  inches  and  larger  is  turned  and  pol- 
ished (unless  otherwise  desiretl),  and  we  are  equipped  to  furnish  smaller  sizes  so 
finished  if  ordered  in  sufficient  qutuitities. 

FREE  CUTTING  SCREW  STOCK 


After  many  years  of  careful  experiment,  we  have  adopted  and  now  use  for  this 
purpose  a  sjiecially  selected  analysis  steel,  which,  owing  to  its  absolute  free  cutting 
and  threading  properties,  has  emphatically  proven  among  the  authoritative  con- 
suming trade  to  be  admirably  suited  and  best  adapted  for  use  at  high  speed,  with 
maxinumi  i)roduction  of  parts,  in  such  as  the  automatic  and  hand  screw  machine 
and  turret  lathe  operations. 

Complete  equipment  with  every  facility  to  offer  the  very  best  products  pro- 
vides, and  extreme  care  with  close  attention  to  the  requirements  of  the  trade 
insures  such  uniformity  of  structure  and  accuracy  sufficient  to  firmly  substan- 
tiate the  claim  of  superiority  (based  on  expression  of  trade  opinion)  in  "Colum- 
bia" Free  Cutting  8cr(>w  SteeL 

This  material  can  be  furnished  in  round,  square  or  hexagon  shape  of  almost  any 
standard  or  special  size  requinnl. 

The  llustrations  shown  above  are  reproduced  from  parts  furnished  us  through 
the  courtesy  of  some  of  our  customers,  these  parts  having  been  made  from 
"Columbia"  Free  Cutting  kScrew  Steel. 
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Poiver   TransniittuKj  Machinery 


T.  B.  WOODS  SONS  CO. 

CHAMBERSBURG,  PA. 

MANUFACTURING  ENGINEERS,  POWER  TRANSMISSION  MACHINERY. 
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Showing  different  forms  of  Keyseats 


Safety  Set  Collar 
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Universal  Giant  Compression  Coupling 


SHAFTING 

Our  sluiftins  i.s  made  of  the  best 
steel  and  is  perfectly  round  and 
straight,  qualities  that  insure  easy 
running  and  also  minimum  loss  of 
power.  We  are  prepared  to  furnish 
shaf  t  ing  in  diameters  up  to  24  inches. 

SAFETY  SET  COLLARS 

These  are  made  in  either  solid  or  split  for  all 
sizes  of  shafting,  are  finislied  all  over  and  fitted 
with  hardened  set  screws.  From  the  illustra- 
tion it  will  bo  noticed  that  all  bolts  and  set 
screws  are  protected  by  side  flanges  projecting 
beyond  heads  and  nuts. 

We  also  supply  Concealed  Fast  Collars; 
these  are  forged  from  bar  steel  bored  slightly 
undersize  and  shrunk  on  shaft.  The  turning 
and  finishing  is  done  after  the  forging  is  shrunk 
to  place,  thereby  insuring  a  true  running  collar. 

COUPLINGS 

This  line  consists  of  Flange  or  Plate  Coup- 
lings in  eitlier  the  Male  and  P>male  Type  or 
Standard  Plain  Face  Type;  Double  Cone 
Comjiression  Couplings;  Improved  Collins 
('()ni])ression  Couplings;  Universal  Giant. 
Compression,  the  coupling  that  requires  no 
keys;  Ribbed  Compression  Couplings;  Ring 
Compression  Couplings;  Shifting  Jaw 
Clutch  Couplings;  Solid  Sleeve  Couplings 
and  Universal  Joint  Couplings. 


Pillow  Block 


HANGERS 

\Miile  we  have  adopted  the  Ring  Oiling  Bearing  as  the 
standard  for  our  Hangers,  we  can  supply  Plain  Bearing 
with  Grease  Cups  and  the  Chain  Oiling  Type.  The  Ring 
Oiling  method  is  also  embodied  in  our  Double  Collar  End, 
Recessed  Pattern  for  Concealed  P^ast  Collar,  and  Closed 
End  Bearings.  Our  extensive  line  of  Hangers  includes 
Regular  and  Extra  Heavy  Ball  and  Socket  for  Head- 
shafts;  Double  Brace  Adjustable  Ball  and  Socket  regular 
and  Post  Patterns;  Bracket;  Peerless  Adjustable,  Post 
and  Pillow  Blocks.  Adjustable  Girder  Clamps  and 
Countershafts  should  also  be  mentioned  here. 

PILLOW  BLOCKS,  ETC. 

This  classification  covers  Solid  and  Sjilit  Vertical  Shaft 
Bearing  and  Adjust abh'  Step  Bearings;  Plain,  Rigid,  Rigid 
(Juill,  Extra  Heavy  and  Standard  Rigid,  Pillow  Blocks; 
Plain  Flat  Boxes,  Solid  Joiu-nal  Boxes  and  Standard  Rigid 
Post  Boxes;  Plain,  Wick  and  Ring  Oiling,  Cast  Iron  and 
Steel  Arch  \\-A\  Frames;  Base  Plates;  Cast  Iron  Wall 
Brackets;  Plain,  Ball  and  Socket  and  Extra  Heavy  Ball 
and  Socket  Floor  Stands;  also  Fire  Wall  Sleeves. 
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Poiver   Transniittinq  Machinery 


T.   B.  WOODS  SONS  CO. 


PULLEYS 

We  manufacture  Cast  Iron  Pulleys  only,  believing  tluit 
tlicy  ar(>  superior  to  others  because  they  are  permanent 
and  are  suited  to  a  wider  range  of  service  than  any 
other  type  of  ])ulley.  The  line  comprises  Plain,  Split, 
Large  Bore,  Clamp  Hub,  Tight  and  Loose,  Fly  Wheels, 
Split  Arm,  Cork  Insert,  Step  Cone,  Taper  Cone,  Pulley 
Bushings,  .Stationary  and  Adjustable  Mule  Pulley 
Stands,  Single  and  Double  Brace  Binder  Frames,  and 
(Uiide  Pulleys. 


Pulley 


BELT  TIGHTENERS 

The  ujiright  design  lias  triangular 
shaped  sides.  Style  A  lias  pulley  and  bear- 
ings set  as  shown  in  the  illustration,  and 
while  in  Style  B  these  are  fitted  to  the 
vertical  side  of  the  frame.  Style  C  is  a 
post  or  wall  pattern.  We  also  make  Hor- 
izontal and  Rack  and  Pinion  Belt  Tight- 
eners. 

UNIVERSAL  GIANT  FRICTION  CLUTCH  WITH 
EXTENDED  SLEEVE 

This  clutch  is  made  with  an  extended  sleeve  of 
standard  diameter,  so  that  an  ordinary  pulley,  gear, 
rope  sheave  or  sprocket  can  be  used  by  simply  key- 
ing it  on  sleeve  of  clutch.  It  is  only  necessary  that 
the  l)ore  be  same  as  diameter  of  sleeve,  just  a.s  if 
l)ored  to  fit  a  line  shaft.  This  feature  eliminates 
t  he  expense  and  delay  of  making  up  special  pullej's, 
as  is  usually  recjuired. 

The  LTniversal  Giant  Friction  Clutch  is  designed 
so  that  the  outer  rim  covers  and  protects  the  fric- 
tion surfaces  from  dust,  dirt,  or  any  foreign  sub- 
stance. The  life  of  all  wearing  parts  is  thus  greatly  ])rolonged  and  the  clutch  i.-- 
made  especially  valuable  for  \ise  in  cement  mills,  jjhosphate  factories,  elevators, 
or  any  place  where  dust  or  gritty  substances  are  afloat  in  the  air. 


SHIFTERS,  ETC. 

We  have  a  type  which  i:)ermits  attaching  to  any  of 
our  hangers;  also  Fork  and  Lever  Stands,  Compound 
lycver.  Worm  Geared,  Single  Spur  Geared  and  Double 
S])ur  Geared,  Shifter  Stands. 


Universal  Friction  Clutch  Pulley 


ROPE  TRANSMISSION 

We  are  prepared  to  make  complete  in- 
stallations in  either  the  English  or  Amer- 
ican  system  and  also  furnish  Rope 
Sheaves  in  various  styles,  Tension 
Carriages;  Track  and  Track  Hangers. 

We  have  at  your  command  engineers 
wiio  have  had  years  of  experience  in 
rope  driving,  and  whom  we  will  be 
glad  to  have  plan  a  drive  to  meet  con- 
ditions as  they  may  exist. 


Compound  Lever  Shifter  Stand 


Rope  Drive 
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Ball  Bearijigs 

AUBURN    BALL    BEARING    COMPANY 

22   Elizabeth    Street,    ROCHESTER,    N.  Y. 

AUBURN  BALL  THRUST  BEARINGS;  AUBURN  COMBINATION  THRUST 
AND  ANNULAR  BALL  BEARINGS;  AUBURN  STEEL,  BRASS,  AND 
BRONZE  BALLS. 


Auburn  Ball  Thrust  Bearings  are  especially  adapted  for  High  Speeds  and 
Heavy  Loads  in  a  small  space  due  to  Auburn  Patented  Four  Point  Contact  Cone 
Principle,  illustrated  by  the  trade  mark.  Specially  selected  tool  steels  properly 
hardened  through  and  through  in  the  balls  and  races,  together  with  careful  grind- 
ing and  jjolishing,  make  Auburn  Bearings  most  durable. 

Auburn  Ball  Thrust  Bearings  are  used  extensively  for  Boring,  Drilling, 
Milling  and  Screw  Machinery;  Lathes,  Elevators  and  Jacks;  Hydraulic 
and  all  Transmission  Machinery  wherever  the  thrust  of  a  rotating  part  is  to  be 
taken  care  of. 

AUBURN   STYLE  T-lOO  BALL  THRUST  BEARING 

Auburn  Style  T-lOO  bearing  is  a  self  contained  ball 
thrust  bearing.  The  outside  retaining  sleeve  is  attached 
to  the  lower  race  of  the  bearing  with  the  upper  race  free 
to  rotate,  yet  held  in  place.  This  sleeve  furnishes  a 
protection  to  the  balls  from  dust  and  dirt,  as  well  as 
making  the  bearing  a  unit.  This  feature  greatly  facil- 
itates the  assembling  of  the  bearing  on  the  machine  and 
does  away  with  the  loss  of  balls  in  transit  and  during 
the  operation  of  installing.  It  is  a  style  for  use  in  ex- 
posed places  where  some  protection  to  the  bearing  is 
desired. 

AUBURN   STYLE   T-114  BALL  THRUST  BEARING 

Where  there  is  a  housing  to  protect  the  bearing  this 
Auburn  Style  T-114  is  desirable.  It  is  also  self-con- 
tained and  a  unit  with  the  advantage  of  easy  assembling 
on  the  machine.  The  retaining  sleeve  is  attached  to  the 
bore  of  one  race,  leaving  the  other  free  to  rotate,  yet 
holding  same  in  jiosition.  This  is  a  style  to  use  where 
a  good  circulation  of  oil  must  be  had. 

Auburn  Ball  Thrust  Bearings  are  carried  in  stock  for  immediate  shipment 
covering  a  range  of  shafts  up  to  five  inches  in  diameter,  in  light  and  heavy  types. 
Larger  sizes  up  to  26  inches  outside  diameter  can  be  furnished  promptly. 

Bearings  specially  designed  to  meet  unusual  conditions  of  service  can  be  made 
promptly.    Write  for  bulletin. 

WASHERS,  RACES,   DISCS  AND   RINGS 

of  tool  steel,  hardened  and  ground,  niade  to  custf)mer's  specifications.  Our  ex- 
cellent facihties  insure  high  grade  work.  Send  Blue-Prints  of  sizes  today  for 
quotation. 
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Ball  Bearings 


THE   HESS  BRIGHT  MFG.   CO. 

PHILADELPHIA,  PA. 

MANUFACTURERS    AND    IMPORTERS    OF     ANNULAR    AND    THRUST 
BALL  BEARINGS 


TTt)   HESS-BRIGHT  BALL  BEARINGS  r)W'"p' 

are  used  in 

Lineshaft  Hangers  Trolley  Cars 

Machine  Tools  Woodworking   Machinery 

Dynamos  and  Electric  Motors  Flour  Milling  Machinery 

Automobiles,  etc. 

Special  literature  on  request,  describing  the  above  and  other  application.s. 

ANNULAR  BEARINGS 


HESS-BRIGHTS  of  "heavy,"  "medium"  and  "light"  series,  for  same  shaft  size 

Aside  from  the  economy  in  power  which  they  make  possible,  Hess-Bright  Ball 
Bearings  effect  important  savings  in  repair  and  upkeep  charges,  due  to  the  fact 
that  wear  is  virtually  absent. 

Made  regularly  in  sizes  up  to  110  mm.  (4.3.307  inches)  shaft  diameter.  Special 
sizes  to  order  if  quantity  is  sufficient. 

Three  .series:  "Heavy,"  "Medium"  and  "Light,"  for  equal  .shaft  sizes. 
Regular  and  high-speed  types. 

Hess-Bright  Annular  Bearings  are  so  constructed  that  the  sides  of  the  races 
are  unbroken.     This  fact  has  an  important  bearing  on  durability. 

THRUST  BEARINGS 

Made  regularly  in  sizes  up  to  140 
mm.   (5.5118  inches)  shaft  diameter. 
Larger  sizes  on  special  order. 
Two  series:  "Medium"  and  "Light." 
One-direction   and 
two-direction     tj'pes, 
with  or  without  aligning 
washers,     though     the 
use  of  sUch  washers  is  C 
recommended. 


HESS-BRIGHT 

THRUST  BEARINGS 


Our  plants  are  the  largest  in  the  world  devoted  exclusively  to 
ball  bearing  manufacture,  and  with  the  extensive  enlargements 
and  improvements  which  we  have  just  made  (our  factories  now 
cover  approximately  15  acres  of  floor  space),  we  feel  justified  in 
saying  that  our  resources  and  facilities  for  immediate  delivery  Section  of  Ceiling 
are  unequalled. 


Hanger 
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Ball  Bearings 

RHINELAND  MACHINE  WORKS  CO. 

140  W.  42nd  St.,   NEW  YORK  CITY 
RHINELAND  BALL  BEARINGS 


RADIAL  AND  THRUST 
BEARINGS 
Rhineland  Ball  Bearings  are  made 
for  all  machinery  purposes,  and  in- 
clude every  desirable  type  and  size. 
Manufactured  in  four  series:  light, 
medium,  heavy  and  extra  heavy  with 
corresponding  load-carrying  capa- 
cities. 


Radial  Bearing 


SELF  ALIGNING  BEARINGS 

The  Self-Aligning  Bearing  is  particularly  suitable 
for  line  shafting  and  similar  service,  because  of 
ability  to  adjust  itself  to  any  faulty  alignment,  its 
increased  load  capacity  and  permanent  durability. 
This  feature  is  one  that  will  be  especially  appre- 
ciated by  millwrights  and  others  who  have  had 
trouble  from  faulty  alignment  with  ordinary  shaft 
bearings  and  with  ordinary  self-aligning  bearings. 


Self  Aligning  Bearing 


Double  Acting  Thrust  Bearing 


DOUBLE-ACTING  THRUST  BEARINGS 

The  Rhineland  Double-Acting  Thrust  Bearing  is 
a  notable  advance  over  other  types  in  that  only  one 
row  of  balls  is  required  instead  of  two  as  in  other 
double-thrust  ball  bearings. 

Our  construction  represents  a  decided  saving  in 
machining  and  other  expense  and  also  by  reason  of 
the  smaller  space  nHjuired,  gives  a  very  great  ad- 
vantage in  solving  many  problems  of  machine  de- 
sign where  space  is  limited. 

Catalogs  colli  aining  full  specifications  and  illus- 
trations of  Rliincland  Ball  Bearings  on  request. 
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Metalined  Bearings 


THE  METALINE  COMPANY 

Corporate  name  changed  from 

NORTH  AMERICAN  METALINE  CO. 

April  10,  1912 

West  Ave.  near  Borden,  LONG  ISLAND  CYVY ;  N.  Y. 
METALINED  OR  OILLESS  BEARINGS  AND  BUSHINGS 


Mel  aline  is  composed  of  metalUe  oxides  and  other  substances  reduced  to  an 
iin])ali)able  powder  and  then  solidified  in  hardened  steel  nioukls  undei  great 
pressure  into  short  length  plugs  «,6  in.,  M  in.  and  %  in.  in  diameter. 

These  jilugs  are  inserted  into  holes  drilled  in  divided  bushings  of  gun  metal 
bronze,  phosphor  bronze,  of  composition  metal  of  good  quality. 

The  two  halves  of  the  bushing  having  been  soldered  together  and  then  ma- 
chined all  over  to  specified  finished  dimen- 
sions, are  separated  and  holes  drilled  into  the 
bearing  siu'face — not  all  the  way  through  the 
wall  of  the  bushing — intowhich  the  Metaline 
plugs  are  tightly  fitted  and  then  filed  flush 
with  the  bearing  surface,  care  being  taken  to 
Flanged  Bushing  for    see  that  the  spacing  of  the  plugs  is  such  that 

loose  pulleys  or  for    tJiev  will  overlap  or  break  joints,  particularlv    block  sheaves  where 
''"o'r'cn^la'r  hiaHn^*^     ^long  the  line  of  motiou.  '  '^ere  .s  no  end 


Plain    Bushing  for 
boxes  or  pulley 


or  collar  bearing 


bearing 


"METALINE" 

(Trade   Mark) 

Registered  in  United  States  Patent  Office,  Act  of  Congress 

Approved  February  20,  1905 


Bearings  fitted  with  plugs  of 
Metaline  as  described  above  are 
self-lubricating,  being  positively 
oilless;  indeed  no  oil  or  other 
lubricant  should  be  used. 

It  has  been  proved  that  they  last 
for  many  ,years,  and,  if  the  Metaline 
plugs  are  renewed  before  over-much 
wear  of  the  bearing  surface  has 
taken  place,  the  life  of  the  bushing 


Loose  pulley  after  being  or  bearing  will  be  very  greatly  pro- 
fitted  with  a  set  of  two  1, „-,„„,]  J   f^  J  i 
metalined  flanged  longeu. 
bushings 


Sheave  fitted  with  plain 

or  unflanged  metalined 

bushing 


Cleanliness  is  a  very  desirable 
feature,  which  with  the  elimination 
of  the  danger  of  fire,  a  risk  attending  the  use  of  fluid  or  semi-fluid  lubricants 
in  the  other  types  of  bearings,  should  particularly  commend  the  use  of 
Metaline. 

It  is  conceded  by  the  manufacturers  that  metalined  bearings  are  not  suitable 
for  some  lines  of  service;  but  it  is  claimed  that  these  bearings  give  unusual 

sat  isfaction  for  tackle  blocks, wire  rope 

and  tramway  sheaves,  loose  pulleys, 

friction  clutch  pulleys,  idler  and  mule 

pulleys,   elevator  pulleys  and   other 

jjlaces    where    the    bearing   revolves 

around  the  shaft;  line  and  counter 

shaft  boxes,  floor  stand  boxes,  ven- 
tilating fans,  small  motor  bearings, 

etc. 


One-half  flanged 
bushing 


One-half  plain 
bushing 
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Roller  Bearing  Line  Shaft  Boxes 


HYATT  ROLLER  BEARING  COMPANY 

Sales  Office:  1120  Michigan  Ave.,  CHICAGO 

Factory.  Newark,  N.  .1.  Detroit,  Mich. 

MANUFACTURERS  OF  FLEXIBLE  ROLLER  BEARINGS 


HYATT  FLEXIBLE  ROLLER  BEARING  LINE  SHAFT  BOXES 


Actual  service  covering  a  period  of  over  15  years 
has  demonstrated  the  Hyatt  Flexible  Roller  Bear- 
ing pre-eminently  successful  for  line  shaft  work. 

The  distinctive  feature  of  the  Hyatt  Flexible 
Roller  Bearing  is  the  roller,  which  is  made  from  a 
strip  of  steel  wound  into  a  coil  or  spring  of  uniform 
diameter.  The  greatest  advantage  of  a  roller  of  this 
construction  is  in  its  flexibility,  enabling  it  to  present 
at  all  times  a  bearing  along  its  entire  length,  result- 
ing in  a  uniform  distribution  of  load  on  the  roller 
itself,  as  well  as  the  surfaces  on  which  and  in  which 
it  operates.  All  tendency,  therefore,  to  distortion 
of  these  surfaces  is  entirely  eliminated,  for  the 
roller  will  adjust  itself  to  all  irregularities  that  may 
be  present,  there  being  no  necessity  for  hardening 
the  various  parts  of  the  bearing,  any  good  steel 
surface  satisfactorily  answering  all  requirements. 


Four-Point  Set  Screw 


It  will  also  be  seen  from  its  construction  that  the  roller  essentially  acts  as  an 
oil  reservoir,  while  the  spiral  and  roller  together  perform  the  fimction  of  an  oil 
carrier,  thereby  assuring  perfect  lubrication  of  all  parts  at  all  times,  making 
it  possible  to  operate  the  bearing  for  a  considerable  interval  without  attention. 

By  varying  the  diameter  of  the  roller  as  well  as  the  thickness,  width  and 
character  of  stock  from  which  it  is  made,  it  is  possible  to  so  vary  its  nature  as  to 
enable  it  to  operate  under  the  most  varied  conditions,  from  the  heaviest  load 
on  one  hand  to  the  highest  speed  on  the  other. 


The  box  is  of  iron,  cast  in  two  parts 
and  lined  with  steel.  When  assembled  it 
is  held  by  two  large  French-head  screws, 
one  at  each  end  at  opposite  sides.  At 
the  top  are  automatic  self-closing  oil 
cups,  eliminating  foreign  matter.  At 
each  end  of  the  box  are  oil  wells.  A 
wiper  is  placed  in  the  lower  side,  and 
as  the  oil  works  outward  on  the  shaft 
it  is  caught  by  the  wipers,  and  is  re- 
turned to  the  bearings  to  be  again  ta- 
ken up  by  the  rollers. 

Numerous  tests  have  been  made  under 
all  conditions  of  speed  and  load  and  in 
all  classes  of  equipment,  and  in  every 
instance  have  justified  our  claims  of  a 
saving  in  power  from  10  to  25  per  cent., 
depending  upon  local  conditions. 

Write  for  Bulletin  400E. 


Halves  of  Split  Hyatt  Roller  Bearing  Box 
for  Line  Shafting 


Roller  Bearings 


HYATT  ROLLER  BEARINCi  COMPANY 

Sales  Office:  1120  Michigan  Ave,  CHICAGO 

Factory.  Newark,  N.  J.*:  Detroit,  Mich. 


Commercial  Type 


HYATT  STANDARD  OR  COMMERCIAL  TYPE 

The  Standard  or  Commercial  Type  consLsts  of 
a  series  of  HYATT  flexible  rollers  surrounding 
the  shaft  and  contained  in  a  yoke  or  cage.  The 
ends  of  the  cage  are  provided  with  slight  pro- 
jections, which  hold  the  rollers  in  position  when 
the  bearing  is  not  in  the  housing.  These  pro- 
jections have  nothing  to  do  with  operation  of  the 
bearing,  serving  only  to  make  the  bearing  self- 
contained.  Outer  steel  races  or  linings  are  fur- 
nished as  a  component  part  of  the  bearings  of  this  type.  The  fundamental 
principle  upon  which  the  Standard  of  Commercial  Type  is  based  is  that  of  gen- 
erous bearing  length, — thus  reducing  the  load  per  unit  section  to  a  considerable 
extent, — the  rollers  of  this  type  ordinarily  are  run  directly  upon  the  shaft  or  axle 
involved  in  the  construction.  The  rollers  are  of  a  special  analysis  Chrome  nickel 
steel  properly  heat-treated  and  ground  accurately  to  size.  This  is  an  improve- 
ment recently  incorporated  in  bearings  of  this  type,  the  treated  alloy  steel  super- 
seding the  high  carbon  steel  formerly  used.  In  this  way  the  strength  of  the  roller 
and  hence  its  carrying  capacity  have  been  largely  increased,  and  by  presenting  a 
harder  surface  its  value  has  been  still  further  enhanced,  enabling  it  to  operate 
satisfactorily  under  conditions  where  the  previous  type  would  have  been  over 
loaded.     Write  for  Bulletin  No.  600-B. 


HIGH  DUTY  TYPE 

The  HIGH  DUTY  TYPE  was  designed  to 
differ  from  the  STANDARD  TYPE  in  making 
it  possible  to  concentrate  a  greater  load  on  the 
.same  length,  or  having  the  same  load,  to  con- 
centrate it  on  a  shorter  length.  An  improved 
yoke  or  cage  is  used  as  well  as  solid  hardened 
and  ground  inner  and  outer  races.  These  races, 
or,  as  termed,  sleeves  and  linings,  are  carbonized 
and  heat-treated  to  give  hard  surfaces  for  the 
rollers  to  operate  on  and  then  ground  accurately 
to  close  limits  both  inside  and  out. 
It  is  confidently  believed  that  both  from  the  standpoint  of  correct  principle, 
thoroughness  of  development,  as  well  as  care  exercised  in  manufacture,  the 
HIGH  DUTY  TY^PE  presents  a  BEARING  second  to  none,  and  the  results 
obtained  from  over  a  million  in  daily  service  justify  these  conclusions.  Write 
for  Bulletin  30.5-A. 


High  Duty   Type 
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Roller  Bearings 


ROYERSFORD  FOUNDRY   AND 
MACHINE   CO. 

52  N.  5th  St.,  PIIILADKLPHIA,   PA. 
POWER  TRANSMISSION  MACHINERY  AND  SELLS  ROLLER  BEARINGS 


SELLS  ROLLER  BEARINGS 
REDUCE  FRICTION 
AND  SAVE 
SHAFTING  WEAR 

A  close,  fivo-minute  study  of 
the  iU'oompanying  illustration 
will  show  you  plainer  than 
words  why  the  all-spht,  (luick- 
;ipi)li('d  "Sells"  is  the  foremost, 
frict  ion  -  redueinfj;,  shaft  -  saving 
hearing  on  tlu'  market. 

OLD  RELIABLE  SELLS 
ROLLER  BEARINGS 

Note  the  split  steel  bushing 
that  protects  the  shaft  from 
wear,  and  the  si)lit  collars  that 
chimp  it  fixedly  to  the  then- 
])rotccted  shafting.  See  also  the 
split  roller  structure — how  it 
separates  the  rollers,  eliminating 
roll-against-roU  friction,  and 
holding  them  parallel  to  the 
sliafting  and  each  other. 

The  natural  tendency  with 
the  "Sells"  is  for  the  roHer  struc- 
ture to  trail  at  about  one-third 
tlie  speed  of  the  shafting  in  the 
same  direction.  It  is  assisted  in 
this  direction  by  every  end- 
(hrust  against  the  rotating  col- 
lars, which,  of  course,  are  clamp- 
ed light  to  the  shafting.  Fric- 
ti((n  is  obviously  eliminated  at 
e\'erv  i)oint. 

THE  SPLIT  BOX 

'rh(>  Split  Box  is  made  of  a 
h])ecial  composition,  carefully 
machined.  It  is  split  with  a 
milled  tongue  and  grooved  joint 
and  the  lialves  are  bolted  to- 
gether. 

Reservoirs  for  lubricant  are 
provided  and  grease  :ind  drain 
lioles  are  conveniently  ])laced. 
Felt  packing  at  the  ends  of  the 
box  retains  the  lul)ricant  and 
excludes  dust. 


"Sells"  Roller   Bearing  Boxes 

With  Single  Roller  Structure 

For  Line  Shafts  and  Counter  Shafts 


Size  of 

Length 

Width 

Height 

8haft, 

of  Box, 

of  Box, 

of  Box, 

Code 

Inches 

Inches 

Inches 

Inches 

'■\i"  &   1" 

GH" 

2  "16 " 

2^4- 

Ibex 

1  \"  &  IM" 

OJs  " 

3" 

Ice 

1  ',«"  &  154" 

7H" 

3I4" 

3",r," 

I.l.'M 

I'V"  &  IM" 

8" 

■ih" 

4  »„■," 

Idiot 

I'V,"  &  2" 

8-M" 

3  V 

4  5,." 

Idol 

2V,"  &  2M" 

Ws" 

41^" 

5'4" 

Ignite 

2',8"  &  2V2" 

lo'r," 

43,'" 

5  ',." 

lllv 

2%"  &  2H" 

1(1^'," 

(i'4" 

1  mage 

2%"  &  3" 

1 1  ',.." 

•1  '\," 

ni," 

1  nihibe 

:5»,„"  &  3)4" 

117/' 

(V 

•I'n" 

] ninicrsp 

3  V"  &  314" 

123s" 

(P  s" 

•''s" 

1  in])()si' 

3%"  &  3H" 

14  ^.c" 

0 '■'„." 

7I4" 

IiniJostcT 

3'V"  &  4" 

I.'-)" 

7'  s " 

7^'4" 

1  mprove 

4  V,"  &  4'4" 

1">  V," 

73," 

S's" 

Inapt 

4  ',«"  &  4iij" 

KPs" 

S" 

S  1  0  " 

Inca 

4'V,"  &  4-!  4" 

111'.." 

SI.," 

s "  ><  " 

Incense 

4'V,"  &    -,' 

17" 

s  '■'  " 

( 1 1  ,  " 

hicoine 

Heavy  Duty  "Sells"  Roller  Bearing  Boxes 

With  Double  Roller  Structures 

For  Main  or  Jack  Shafts  and  Heavy  Belt  Pulls 


i  ''m' 

<it    2' 

i.i' 

3  ''V.' 

■(  ■  ir. 

lllipDilllll 

&  2H" 

1334" 

41.." 

•'.'4" 

liii|)rint 

2  ',." 

&   2H" 

143  s" 

434" 

.')  "ir," 

Inarch 

&    2'*4" 

1.5>4" 

5  \:" 

(>U" 

Inborn 

2  \" 

&  3" 

16" 

.-)!.," 

(•,14" 

Inbred 

3  V 

&  314" 

17  ',f," 

5'V." 

(i-'?s" 

Inclose 

3  -„■,' 

&  31-," 

17 'V," 

f.i^" 

C3>s" 

IncoK 

3  'V 

&  334" 

1 '.>»«■," 

GV 

7>4" 

Indeed 

3  ''■„■,' 

&  4" 

llt'U" 

IW 

7M" 

Indent 

4  ^6' 

&  414" 

21" 

7M" 

8)4" 

Index 

4  '«,' 

&  4  4" 

21'>4" 

S" 

84" 

Indigo 

4  'V 

&  4U" 

84" 

8K" 

Induce 

4  V 

&  5" 

21" 

s'-v," 

9)-^" 

lilt  ant 

0  Yn" 

&  5,4" 

2i-U" 

i)=r' 

10" 

Increase 

&  G" 

2(1 1./' 

1(1 1.1" 

1 1  1/ " 

Incrout 
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Bearing  Boxes  and  Hangers 


ROYERSFORD   FOUNDRY  AND 
MACHINE   CO. 

POWER  TRANSMISSION  MACHINERY  AND  SELLS  ROLLER  BEARINGS 

The  illustrations  on  this  ])agc  show 
how  Sells  KoUcr  Bearinji  Boxes  are  ap- 
plied  t(j  Royersford  drop  liangers,  j)ost 
iiaiigers  and  pillow  blocks.     They  fit 
])ractically   any    hanger,    jiost-hanger, 
or  ])illow  block  without  changing  ex- 
isting (Hiuipment.     By  varying  the  thickness  of 
the  sj)lit  bushing,  the  one  bearing  will  fit  three 
sizes   of   shafting.     All   expense   and  bother  of 
babbitting  is  done  away  witli. 

As  the  boxes  are  split,  the  substitution  is 
sinii)le  and  inexpensive.  Several  hundred  feet 
of  line  shafting  can  be  changed  over  night, 
without  interrupting  the  running  of  the  plant 
during  the  day. 

We  guarantee  a  reduction  in  the  friction  load 
of  25%  to  50*^  c  which  annually  will  more  than 
pay  for  the  cost  of  substitution.  Let  us  give 
you  specific  instances  of  saving  in  production, 
with  figures  and  signatures. 

ROLLERINE 

"PvOLLERINE"  is  com- 
pounded expressly  for  the 
lubrication  of  "Sells" 
Roller  Bearings  and  is  the 
best  lubricant  for  all 
Roller  and  Ball  bearings. 
"Rollerine"  contains  97% 
of  lubricating  properties 
and  less  than  \%  resi- 
duum. 

When  "Rollerine"  is 
used  to  lubricate  the 
"Sells"  Bearings,  maxi- 
mum efficiency  is  ob- 
tained, and  the  life  of  the 

Bearings  insured   imder  normal    conditions  of 

line-shaft   service.     Write  for  free  sami)le. 

"SELLS"    OIL-AND-GREASE   GUN 


Royersford  Drop  Hanger 


The  "Sells"  Gun  affords  the  most  efficient 
means  for  applying  "Rollerine"  to  "Sells" 
Roller  Bearings.  It  is  also  adapted  for 
heavy  oils  and  greases  of  all  kinds. 

The  hand  wheel  operating  a  pinion  mesh- 
ing in  the  rack  makes  it  easy  to  control  the 
amount  of  lubricant  forced  out.     The  er-on- 
omy   of   this  is  very   apparent.     A   curvec 
nozzle    adds    to    the   convenience    in 
applying  the  lubricant. 

All  i)arts  brass  except  the  steel  pinion 
and  malleable  iron  hand  whe(>l.  \\'ork- 
manship  and  material  first-class. 
Finish  throughout,  high  grade. 


Royersford  Floor  Stand 
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Belting 


BOSTON  BELTING  COMPANY 


100-102  ReadeSt. 
New  York 


256  Devonshire  St.,  BOSTON 


90  Pearl  St. 
Buffalo 


172  W.Randolph  St. 
Chicago 


55  First  St. 
San  Francisco 


105  First  St. 
Portland,  Oregon 


BELTING        HOSE        PACKING 


TRANSMISSION  BELTING 

Brand.s  —  Excelsior  Red  Frictioned,  Imperial 
stitched,  Elmwood,  Boston,  Niagara,  Trimount, 
Universal. 

Adapted  for  all  conditions  of  service;  made  from 
qualities  and  weaves  of  duck  and  grades  of  rubber 
which  assure  maximum  service  and  economy. 

GUTTA-BALATA  BELTING;  a  high-grade  tex- 
tile belt,  adapted  for  p(jwer  transmission,  also  for 
conveying;  so  constructed  that  belts  four-ply  and 
heavier  have  absolutely  seamless  faces,  and  either 
side  can  be  run  next  the  pulleys;  not  injuriously 
affected  by  moderate  quantities  of  oil  or  grease. 

EELSKIN  SOLiD  WOVEN  COTTON  BELTING  made  in  three  weights- 
single,  double  and  triple;  a  solid,  niultij)le-woven  belt,  woven  under  high  tension, 
from  high-grade  yarns ;  thoroughly  impregnated  with  a  preservative  compound; 
strong,  flexible,  adapted  for  service  under  practically  all  conditions. 

CONVEYOR  BELTING 

Made  all  widths  and  thicknesses,  with  regular  rubber  cover,  or  extra  thick 
rubber  cover  on  one  or  both  sides,  and  reinforced  edges;  adapted  for  use  on 
straight  or  troughing  pulleys,  for  carrying  coal,  ores,  grain,  gravel,  sand,  and 
other  materials. 

HOSE,  rubber,  for  water,  steam, 
gas,  air,  suction,  oil  and  fire  pro- 
tection. 

ROXBRO    BRAIDED     HOSE, 

which  is  furnished  in  continuous 
lengths  up  to  500  feet,  is  especially 
recommended  for  pneumatic  use. 

Cotton  Hose,  rubber-lined,  fur- 
nished in  light  and  heavy  single 
fabrics  and  medium  and  heavy 
jacket  fabrics;  for  all  kinds  of  fire 
protection  equipment. 

Unlined  linen  hose,  American  Underwriters;  supplied  in  all  sizes  and  lengths, 
for  interior  fire  protection  equipment.     Approved  by  all  insurance  interests. 

PACKINGS;  sheet  form,  for  flanges  and  joints;  adapted  for  all  conditions  of 
service.  Piston  and  valve  rod  packings,  round,  square  and  spiral;  for  hot  and 
cold  water  and  hydraulic  purposes. 

RUBBER  PUMP  VALVES ;  made  in  all  shapes  and  sizes  for  different  styles 
of  pumps  and  various  service  conditions. 

RUBBER  COVERED  ROLLERS.   New  Rollers  Complete.   Rollers  Re-covered. 

High-grade  coverings,  made  from  selected  gums;  adapted  for  paper  and  textile 
mill  uses,  tanneries,  tobacco  factories,  and  every  purpose  for  which  rubber- 
covered  rollers  are  used. 
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THE  B.   F.  GOODRICH  COMPANY 

AKRON,  OHIO 

Offices  in  all  principal  cities 
MANUFACTURERS    OF    MECHANICAL   RUBBER    GOODS,   TIRES,   ETC. 


BELTING 

TRANSMISSION  BELTS— Main  drivers  require  the  best  quality.  Weight 
and  weave  of  duck,  amount  of  stretch  in  service,  and  character  of  cover  should 
be  considered.     We  recommend  the  following  grades : 

"PINNACLE" — frictioned-sin-face,  maximum  strength,  extreme  quality. 

"TITANIC" — regidar  covered,  extra  strong  and  long  lasting  for  hard  service. 

"PILGRIM" — regular  covered,  heavy  duck,  good  friction  and  cover;  for 
general  service. 

On  small  pulleys  operating  at  high  speed  we  recommend : 

"MARATHON" — a  friction  surface  belt  of  highest  quality,  built  on  special 
woven  light,  flexible  duck. 

Light  drives,  such  as  agricultural  service,  are  well  met  by  "ROB  ROY,"  built 
on  medium  duck,  and  "SIGNAL,"  built  on  light  weight  duck. 

CONVEYOR  BELTS  for  conveying  ore,  coal,  rock,  etc.,  call  for  special  qual- 
ities in  the  belt  that  have  taken  years  of  practical  experience  to  develop.  A 
duck  of  maximum  strength  and  extreme  flexibility,  a  strong  friction,  a  wear- 
resisting  cover,  which  will  remain  pliable  and  an  edge  armored  against  chafing 
are  all  required.     We  offer  the  following  grades: 

"LONGLIFE" — for  severe  service,  where  extreme  wear  is  desired. 

"MAXECON" — for  ordinary  service;  low  priced,  but  reliable  and  serviceable. 

For  handling  grain,  packages,  etc.,  there  is  so  little  abrasion  and  the  condi- 
tions arc  so  dry  that  belts  of  ordinary  construction  can  be  used.  We  recom- 
mend our 

"GRAINBELT" — medium  weight  duck,  cover  of  usual  thickness.  Four 
plies  common  practice  for  horizontal  conveyors.  For  bucket  elevator  belt  serv- 
ice heavier  plies  are  required — six  plies  standard.  If  heavier  duck  desired,  we 
recommend  "PILGRIM"  grade. 

"COSSETTE"  BELT— one  of  exceptionally  high  quality  throughout,  for 
handling  cossettes  in  beet  sugar  factories. 

CANNING  BELT,  special  white  sanitary  cover  for  food  canning  factories. 

ELEVATOR  BELTS  for  mines  and  quarries  require  a  duck  of  extra  strength, 
quality  and  weight  to  resist  the  tensile  strains  and  the  action  of  the  bucket  bolts. 
\\i}  use  a  special,  tightly  woven  duck  and  recommend  the  following  belts  built 
on  it: 

"AKRON"  Elevator  Belt — high  grade,  designed  for  the  hardest  service. 

"STERLING" — slightly  lower  grade,  for  general  conditions,  stitched  when 
handling  very  wet  materials. 

"GOODRICH  AXLE  LIGHTING"  belt  meets  the  severest  service  known— that 
of  the  electric  train  lighting  from  the  car  axle. 

POLISHING  BELTS— Sometimes  called  Emery  Belts;  built  on  especially 
strong  fabric  with  light  quality,  tough  friction. 

We  arc  also  prepared  to  furnish  Grader  Belts,  Magnetic  Take-OfT  Belts, 
Separator  Belts,  etc. 
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JEWELL  BELTING  COMPANY 

Estalilished  1848 
Main  Office,  Belt  Factory  and  Chrome  Leather  Tannery 

HARTFORD,  CONN. 

Oak  Leather  Tannery,  Rome,  Ga.  Western  Branch,  167  W.  Lake  St.,  Chicago 

LEATHER  BELTING  AND  LACING 


Our  Tannery  is  located  in  the  heart  of  the  best  Oak  Bark  producing  section 
r,f  the  country.  Our  hides  are  all  selected  for  the  sole  purpose  of  making  them 
into  Belting  leather.  Our  plants  are  equipped  with  the  most  modern  up-to-date 
machinery  and  appliances;  especially  adapted  to  the  production  of  high-grade 
leather  and  belting  at  a  minimum  cost.  We  make  a  grade  of  belt  suitable  for 
any  class  of  work  from  the  heaviest  to  the  lightest.    Our  grades  follow: 

JEWELL  SPECIAL  PLANER  BELT 

Made  from  center  cuts  of  specially  selected  heaviest  oak  bark  tanned  hides; 
leather  specially  treated  for  the  work  it  has  to  do;  perfectly  balanced;  has  a 
maximum  of  strength  and  a  minimum  of  stretch  and  is  fully  guaranteed. 

JEWELL  EXTRA  BELT 

Made  of  center  cuts  of  heavy  oak  tanned  belting  butts  from  which  all  shoulder 
and  flank  stock  has  been  removed;  guaranteed  to  weigh  an  average  of  not  less 
than  16  ounces  to  the  square  foot;  especially  recommended  for  heavy  duty  and 
slow  speeds. 

JEWELL   HARTFORD  BELT 

Made  of  the  same  kind  and  quality  of  leather  as  the  Jewell  Extra,  like  it  in 
all  respects  except  thickness  or  weight;  guaranteed  to  weigh  an  average  of  not 
less  than  14  ounces  to  the  square  foot;  especially  recommended  for  small  pul- 
leys and  high  speeds. 

JEWELL  DYNAMO   BELT 

Always  made  in  doubles  from  specially  selected  pliable  oak  tanned  leather; 
perfectly  balanced  and  constructed  with  special  reference  to  the  work  it  would 
have  to  do  on  electrical  and  other  machinery  having  small  pulleys  running  at 
high  speeds. 

All  the  above  grades  are  fully  guaranteed  as  to  every  detail  of  material  and  work- 
manshij).  All  are  put  together  with  waterproof  cement  and  oil  dressed  at  special 
prices  upon  special  request. 

JEWELL  DIVER   BELT 

Made  of  the  very  best  selected  heavy  oak  tanned  leather,  put  together  with 
waterproof  cement  and  heavily  oil  dressed;  specially  recommended  for  heavy 
duty  and  where  there  is  more  or  less  dampness  and  steam. 

JEWELL  ROUND   BELTING 

We  are  the  largest  manufacturers  of  Round  Belting  in  the  world.  It  is  used 
on  sewing  machines  and  all  other  machinery  where  a  grooved  pulley  is  required ; 
for  bell  and  register  cord  in  street  cars.  Our  production  is  over  ten  million 
feet  annually.    It  is  made  in  all  sizes  from  j/g  inch  to  iV  inch. 
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JEWELL  BELTING  COMPANY 


JEWELL   CHROME  LEATHER 

TTiidoubtedly  the  most  romarkable  leather  product  of  the  Twentieth  Cen- 
tum; tanned  Iiy  a  gpecial  process  which  produces  a  leather  that  isn't  injured 
hy  the  action  of  hot  or  cold  water,  steam,  oil,  gas  and  many  acids. 


48-in.  3-ply  Chrome  Belt  transmitting  up  to  ipco  horse  power,  at  plant  of  Atlanta  Steel  Co. 
Atlanta,  Ga.  This  Belt  has  already  lasted  more  than  100  per  cent,  longer  than  the  best  oak 
tanned  belt  ever  used  on  this  drive  betore. 

JEWELL  CHROME  BELT 

The  Jewell  Chrome  leather  put  together  with  a  waterproof  cement  making  a 
belt  that  is  not  affected  by  steam,  gas,  water,  etc.,  as  above  stated,  and  in  ad- 
dition a  belt  that  has  the  greatest  possible  pliability  combined  with  the  greatest 
tensile  strength  and  the  least  tendency  to  stretch.  It  will  slip  less  on  the 
pulleys,  transmit  more  power  per  inch  of  width  with  less  loss  of  power  than  any 
belt  known.     The  illustration  herewith  is  a  fair  sample  of  what  it  will  do. 

BLACK  JEWELL  BELT  LACING 

Made  both  in  sides  and  cut  lace;  the  strongest  and  most  economical  Belt 
Lacing  known. 

OTHER  JEWELL  PRODUCTS 

Other  Jewell  products  are  Agricultural  Belting,  Binder  Straps,  Trunk  Straps, 
Skate  Straps,  Fan  Belts,  Automobile  Leathers  such  as  Brake  Bands,  Clutch 
Facings,  Straps,  etc..  Polishing  Leathers,  and 

POTTER'S  PATENT  BELT  HOOKS 
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THE  GRATON  cS:  KNIGHT  MFG.  CO. 

WORCESTER,  MASSACHUSETTS,  U.  S.  A. 

Afanta,  Ga.  Kansas  City,   Mo.  Pittsburg,  Pa. 

Boston,  Mass.  Milvvaukot',   Wis.  Portland,  Ore. 

Chicago,   111.  Minneapolis,   Minn.  San   Francisco,   Cal. 

Dallas,  Tex.  New  York,   N.  Y.  Seattle,  Wash. 

Detroit,   Mich.  Philadelphia,  Pa.  St.   Louis,   Mo 

Fall  River,  Mass.  Cleveland,  O. 

OAK  LEATHER  TANNERS  AND  BELT  MAKERS 


BELTING 

"SPARTAN" — a  belt  made  from  leather  of  a  special  tannage,  guaranteed  to 
re.^ist  exposure  to  water,  steam,  oil,  heat  generated  by  excessive  pulley  friction, 
also  gas  or  acid  fumes. 

"SPECIAL  PLANER" — a  waterproof  belt  made  from  center  stock  in  single 
thickness  up  to  4"  in  width.  It  is  particularly  adapted  for  heavy  work  with 
liigli  speed  and  small  pulleys. 

"NEPTUNE" — the  pioneer  waterproof  leather  belting.  It  is  made  from  the 
very  choicest  of  No.  1  center  stock. 

"HEART  BRAND" — heavy  single  and  double  leather  belting  made  from  the 
choicest  of  first  quality  oak  tanned  center  stock. 

"GRAKNIGHT  BRAND"— made  in  both  singles  and  doubles,  and  is  of  the 
same  high  cjuality  of  center  stock  as  the  Heart  brand,  though  somewhat  lighter 
in  weight,  therefore,  more  generally  used  in  doubles. 

"GRAKNIGHT  DYNAMO"— made  from  center  stock  same  as  the  Heart  and 
GraKnight  brands,  only  of  lighter  weight.  Furnished  principally  in  doubles, 
and  constructed  especially  for  use  on  high  speed  machinery,  such  as  motorsi 
fans,  blowers,  etc. 

"EXTRA  SHORT  LAP"— second  quality  belting  made  in  both  singles  and 
doubles,  but  not  over  8"  in  width.  It  is  used  successfully  where  the  work  does 
not  require  strictly  first  quality  belting. 

"PRYZOAK  BRAND"  differs  from  the  Extra  Short  Lap  in  weight  only;  it  is 
somewhat  lighter,  made  in  both  singles  and  doubles,  but  not  exceeding  8"  in 
width. 

"CYLINDER  BELT" — made  from  shoulders,  and  in  both  singles  and  doubles. 
It  is  a  very  popular  belt  for  agricultural -purposes. 

OTHER  G  &  K  PRODUCTS 

Solid  Round  Belting.  Lace  Leather. 

Spartan  Rounded  Belting.  Cup  Packings. 

Twist  Round  Belting.  Washers. 

"V"  Belting.  Straps. 
Automobile  Leathers,  etc. 

The  complete  G  &  K  line  embodies  products  of  superior  quality  and  honest 
value. 
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MAIN  BELTING  COMPANY 

PHILADELPHIA 

NEW  YORK  CHICAGO  BOSTON 

PITTSBURGH  SEATTLE  BIRMINGHAM 

MAIN  BELTING  CO.  OF  CANADA,  LTD. 

MONTREAL  TORONTO  CALGARY 


Leviathan  Belting  has  withstood  all  manner  of  tests  for  more  than 
thirty  years,  and  it  is  today  the  most  serviceable  belting  made  for 
elevating,  transmitting  and  conveying. 

It  is  sold  strictly  for  its  service  value,  on  the  principle  that  the  man 
who  buys  a  belt  is  interested  chiefly  in  quality  of  service  and  regards  price 
as  of  minor  consideration.  For  this  reason.  Leviathan  Belting  is  not  in 
competition  with  other  belting — it  is  simply  the  best  belting  for  service. 

You  buy  I^eviathan  iindcr  a  guarantee  which  continues  our  responsi- 
bility beyond  payment  until  the  belt  has  earned  in  actual  service  its 
full  cost  as  compared  with  the  service  of  any  other  belt  of  any  kind, 
under  the  same  or  similar  conditions. 

Every  piece  of  Leviathan  measures  up  to  the  four  chief  require- 
ments of  the  ideal  belt — strength  against  stretching,  ample  traction, 
wearability  and  resisting  qualities. 


ANACONDA,  THE  SPECIAL  BLACK  COMPOSITION  BELT 

Our  Anaconda  Belt  is  made  of  the  regular  high-grade  heavy  Leviathan 
canvas,  specially  treated  to  give  it  resisting  qualities  under  all  sorts 
of  extraordinary  conditions.  It  is  not  only  waterproof,  but  is  also 
capable  of  withstanding  a  high   degree  of  temperature. 

It  is  the  belt  to  use  for  transmitting  and  conveying  mider  conditions 
involving  exposure  to  high  temperature,  steam,  water  or  rough  weather. 
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THE  ROSSENDALE  -  REDD  A  WAY 
BELTING  AND   HOSE  COMPANY 

NEWARK,  N.  J.,  U.  S.  A. 

"CAMEL   HAIR"  BELTING,  CANVAS  STITCHED  BELTING,  SOLID  COTTON  BELT- 
ING, ARABIAN  "ASBESTOS  BRAKE   LINING" 


"CAMEL"  BRAND  "CAMEL  HAIR"  BELTING 

This  belt  is  remarkable  for  its  great  strength  (almost  twice  that  of  the 
leather  belting),  long  lite,  small  slippage,  minimum  stretching,  straight 
true  running,  and  for  the  fact  that  it  is  less  affected  by  dampness  or  acid 
fumes  than  any  other  kind  of  belting.  This  belting  is  also  sold  under  a 
guarantee  that  it  will  give  longer,  better  service  than  any  other  style  of 
belting  running  under  the  same  conditions.  Made  in  four  thicknesses 
as  follows : 

SINGLE  "CAMEL"  which  corresponds  to  single  leather  or  to  4-ply 
canvas  and  rubber. 

MEDIUM  "CAMEL"  which  corresponds  to  heavy  single  leather  or  to 
5-ply  canvas  and  rubber. 

DOUBLE  "CAMEL"  which  corresponds  to  double,  and  heavy  double 
leather  or  to  G-  to  8-ply  rubber  and  canvas. 

Extra  heavy  "Camel"  to  correspond  to  triple  leather  and  all  extra 
heavy  types  of  belting. 


STITCHED  CANVAS  BELTING  "SPHINX  BRAND" 

Thoroughly  equal  to  the  best  on  the  market  in  this  type  of  belts,  and 
affords  economy  if  substituted  as  follows: 

8-ply  in  place  of  double  leather  or  5  and  6-ply  rubber. 
6-ply  in  place  of  light  double  leather  or  5-ply  rubber. 
4-ply  in  place  of  single  leather  or  3-ply  rubber. 
10-ply  where  extraordinary  strength  is  required. 

Made  in  all  weights. 
"BLACK -BIRD"  WOVEN  COTTON  BELTING 

FOR  TRANSMISSION   AND   CONVEYOR  WORK 

An  improved  woven  belt  manufactured  under  high  tension  from  the 
finest  quality  of  long-staple  cotton. 

Impregnated  with  a  special  composition  which  protects  the  fibre,  keeps 
the  belt  pliable,  and  prevents  it  from  becoming  hard  and  dry. 

Will  run  well  in  steamy  or  wet  places  and  on  drives  exposed  to  the 
weather. 


ARABIAN  "ASBESTOS  BRAKE  LINING" 

Especially  suitable  for  automobile  brakes.     Made  in  all  widths  from  one 
to  four  inches.     Standard  thicknesses  ^"  and  \". 
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Wire  Rope  and  Aerial  Tramways 


BRODERICK  cV  BASCOM  ROPE  CO. 

NEW  YORK  ST.  LOUIS  SEATTLE 

Factories,  St.  Louis  and  Seattle 

WIRE  ROPE  AND  AERIAL  TRAMWAYS 


YELLOW  STRAND 
The  strongest  of  all  Steel  Ropes 

Compare  the  figuros  in  the  table  below  with  those  of  any  Plow  Steel  wire  loj^e. 
llien  ,vou  will  have  the  real  reasons  for  Yellow  Strand's  greater  durability  and 
resulting  economj'. 

Yellow  Strand's  great  strength  permits  the  use  of  smaller  rope  for  the  same 
work,  or  heavier  work  with  the  same  size  rope.  Its  unusual  flexibility  gives  it 
long  life  on  derricks  and  for  similar  uses  where  the  sheaves  are  tmall  and  the 
work  heavy. 

YELLOW  STRAND  WIRE  ROPE 
19  wires  to  the  strand.     Hemp  center 
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Yellow  Strand  is  also  made  with  7  wires  to  the  Strand,  and  with  wire  center. 

Grade  for  grade,  our  other  brands  of  wire  rope  are  just  as  superior  as  our 
Yellow  Strand.  Try  B.  &  B.  Plow  Steel,  Crucible  Cast  Steel,  Patentsteel  and 
Swedes  Iron  Elevator  Ropes.     They  last  longer. 

Order  direct  or  through  any  authorized  agent.  There  is  one  in  your  localitj-. 
Catalog  No.  2D  on  request. 
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JVire  Rope 


A.  LESCHEN  k  SONS  ROPE  COMPANY 

Established    ISoT 

ST.  LOUIS,  MO. 

New  York  Chicago  Denver  Salt  Lake  San  Francisco 

WIRE  ROPE  FOR  ALL   PURPOSES 
AERIAL  WIRE  ROPE  TRAMWAYS  IN  VARIOUS  SYSTEMS 


(TRADE  MARK  REGISTERED) 

Hercules  Wire  Rope  is  made  from  that  class  of  material  which  combines  strength, 
toughness  and  flexibility  in  correct  proportions  for  maximum  wire  rope  efficiency. 
It  is  made  in  various  constructions  to  meet  the  working  conditions  of  all  wire 
rope  usages  of  an  exacting  nature.  It  has  one  red  strand  for  identification  pur- 
poses. 

We  also  manufacture  high  grade  Plow  Steel,  Crucible  Cast  Steel,  Special  Steel, 
Swedes  Iron  and  Galvanized  Steel  and  Iron  wire  ropes. 

Recognizing  the  importance  of  correct  construction,  we  make  wire  ropes  in  all 
the  usual  types  as  well  as  special  constructions  for  individual  conditions.  Among 
such  ropes  are: 

PATENT  FLATTENED  STRAND    CONSTRUCTION 
Patent  Flattened  Strand  rope  is  so  made  that  the  outer  wires  conform  to  a 
circle,  so  instead  of  only  one  wire  in  each  strand  being  exposed  to  frictional  wear 
there  are  from  two  to  six,   depending  upon 
the  style  of  construction.     This  distribution 
of  wear  allows  smaller  wires  to  be  used,  which 
results  in  extreme  flexibility. 

This     construction     also     affords     greater 

strength,  as  the  shape  of  the  strands  permits 

them  to  fit  snugly  together,  thereby  allowing 

more  metal  to  be  used  in  a  given  diameter. 

LOCKED  COIL  CONSTRUCTION 

For  Heavy  Track  Cable  Service 

This  type  of  rope  consists  of  a  succession  of  layers  or  coils,  the  surface  layer 
being  interlocking.  The  compactness  of  Locked  Coil  rope  provides  great  strength 
and  presents  maximum  resistance  to  crushing  tendencies.  Its  smooth  bearing 
surface  reduces  wear  and  minimizes  vibration. 

Descriptive  catalogs  gladly  furnished  upon  request 


Cross  Section 

Patent   Flattened 

Strand 

Hoisting  Rope 


Cross    Section 

Locked  Coil 

Cable 

for   Tramways 


"^S^m^^^^^^'^'^'^"^ 


114 


J  J  ire  Rope 


JOHN   A.    ROEBLING'S  SONS  CO. 


TRENTON,   N.   J. 

WIRE  ROPE   OF  ALL  KINDS 


We  manufacture  and  keep  in  stock  at  our  works  at  Trenton  and  at  warehouses,  at  agencies 
and  branches  in  large  cities  wire  rope  made  from  Swedish  Iron,  Cast  Steel,  Extra  Strong  Cast 
Steel,  Plough  Steel  and  Improved  Plough  Steel. 

We  give  below  tables  of  strengths,  etc.,  for  the  standard  constructions  of  IMPROVED 
PLOUGH  STEEL  ROPE.  The  rope  is  also  furnished  with  6  strands  of  37  wires  each  and  with 
S  strands  of  19  wires  each. 

This  rope  is  recommended  as  the  best  to  use  where  extreme  conditions  tend  to  bring  extraor- 
dinarily severe  stresses,  and  is  particularly  well  adapted  to  resist  abrasion. 

The  hemp  center  of  this  rope  is  colored  blue  to  distinguish  it  from  other  wire  ropes. 

A  copy  of  our  catalogue,  giving  information  about  other  wire  ropes,  and  wire  rope  fastenings 
will  be  mailed  on  application. 

IMPROVED  PLOUGH  STEEL  HOISTING  ROPE 
Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


Trade 
Number. 


Diameter 
in  inches. 


Approx. 
circumf. 
in  inches. 


Approx. 
weight 
per  foot. 


Approx. 
strength 
in  tons  of 
2000  lbs. 


Proper 
working 
load  in 
tons  of 
2000  lbs. 


Dia.  of 
drum  or 
sheave 
in  feet 
advised. 
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IMPROVED  PLOUGH  STEEL  ROPE 
For  Haulages  and  Transmissions.      6  Strands   and   a   Hemp 


Center, 


7  Wires  to  the  Strand. 
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J  Fire  and  Wire  Rope 


THE   SPENCER   WIRE   COMPANY 

Kstiiblished  1S20 

WORCESTER,  MASS. 

Mills  at  Sales  Offices  in 

Worcester  and  Si)eneer  Boston.  New  York.  Philadelphia. 

ChicaKO.  8t.  Louis.   New  (Jrleaiis 

MANUFACTURERS  OF  IRON  AND  STEEL  WIRE,  HIGH  CARBON 
TEMPERED  AND  UNTEMPERED  FLAT  WIRE,  WIRE  SPECIALTIES 
AND  WIRE  ROPE 


WIRE 

This  Company  has  been  headquarters  for  many  ypar.s  for  Extra  Fine  and 
Special  Wires  of  every  (lescrij)tioii,  such  as  Bookbinder's,  ]ionnet,  Broom,  and 
Belt-lacing,  Iron  C'ard,  Clock,  Pini(jn,  Florists'  and  Small  Shapes,  White-Liquor 
and  Gold-Bronze  Finish  \\'ires,  and  Straightened  and  Cut  Stock  of  innumerable 
shapes  and  sizes.  In  addition.  Card  Wires  of  every  sort,  Teniiiered  Brush  and 
Armature  Binding  Wires,  Music  Wire,  and  all  varieties,  especially  inline  sizes  of 
wire  demanding  very  high  tensile  strength.  These  wires  for  manufacturing  pur- 
poses are  made  as  small  in  diameter  as  .003  up  to  i  inch.  Also  flat  wires  in  any 
thickess  and  any  width  from  three  inches  down. 

Our  different  grades  are  summarized  as  follows : 

Market  Wire — made  either  of  Bessemer  or  Basic  steel.  It  is  the  kind  of  wire 
used  for  most  commercial  ))urposes  and  is  made  in  the  following  finishes:  Bright, 
Annealed,  Coppered,  Licjuor,  Tinned  and  Galvanized. 

Norway  or  Swedes  Iron  Wire — the  softest  and  toughest  wire  made.  Its  prin- 
cipal use  is  in  electrical  work  where  high  conductivity  is  required. 

Furniture  Spring  "Wire — hard  drawn  steel  wire  possessing  a  considerable 
amount  of  elasticity  and  spring.  It  is  widely  used  for  furniture  and  upholstery 
springs,  and  is  furnislied  with  copjiered,  black  or  tinned  finish  as  ordered. 

Bright  M.  B.  Steel  Wire — soft-drawn,  medium  high  carbon  steel  wire,  capa- 
ble of  being  hardened  and  tempered.  It  is  used  for  the  manufacture  of  springs 
and  similar  articles  which  are  hardened  and  tempered  after  forming. 

Cast  Steel  Wire — made  of  soft  drawn  stock,  similar  to  M.  B.  Steel  except 
that  it  is  higher  in  carbon  and  is  susceptible  of  a  higher  temjier.  This  material 
is  used  for  articles  which  are  hardened  and  tempered  after  forming. 

Tempered  Cast-Steel  Wire — wire  made  of  the  same  grade  of  material  as  the 
previous,  but  oil-tempered  at  the  finished  size.  It  possesses  a  high  degree  of 
resilience  and  is  the  proper  material  to  use  for  a  very  live  spring  that  will  not 
set. 

Music  Spring  Wire — the  stiffest,  strongest,  toughest,  most  resihent  and  most 
hand.somely  finished  of  all  varieties  of  steel  wire.  It  is  made  of  the  highest 
grade  of  steel  manufactured  and  is  essentially  the  same  kind  of  wire  that  is  used 
in  the  manufacture  of  piano  strings. 

Specialties 

The  Specialty  Department,  being  quite  an  extensive  industry  in  itself,  is  pre- 
pared to  make  immediate  shipments  from  a  long  line  of  standard  wire  goods 
carried  in  stock,  and  to  submit  prices  on  almost  any  article  which  may  be  formed 
from  wire,  either  iron,  steel,  brass,  aluminum,  or  German  silver. 

WIRE   ROPE 

We  manufacture  wire  rope  of  all  kinds  for  all  purposes:  Elevator  Rope; 
Tiller  Rope;  Guy  Rope;  Transmission  and  Standing  Rope;  Hoisting  and  Haul- 
ing Rope;  Galvanized;  Tinned  and  Copper  Sash  Cord;  Sand  Lines;  Drilhng 
Cables;  Casing;  Tubing;  Cleaning  Out  and  Dead  Lines;  Galvanized  Yacht  and 
Ship  Rigging;  Phosphor  Bronze,  Tiller  and  Sash  Cord. 

"Spencer  Special"  High  Strength  Rope 
To  meet  the  constant  growing  d(>mand  for  a  reliable,  strong  and  flexible  wire 
rope  to  work  under  severe  conditions  in  logging,  mining,  quarrying  and  h(\ivy 
hoisting,  we  especially  recommend  ''Spencer  Special"  High  Strength  Rope. 
"Spencer  Special"  wire  has  a  breaking  strength  of  250,000-27;i,000  lbs.  per  square 
inch. 
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Elevating,   Conveying  and  Power   Transmitting  Machinery 


H.  W.  CALDWELL  &  SON  COMPANY 

CHICAGO,  ILLINOIS 

ELEVATING,  CONVEYING  AND  POWER  TRANSMITTING  MACHINERY 


HELICOID  CONVEYOR 

Sole  manufacturers  of  "HELICOID"  SCREW  CONVEYOR. 
Made  of  one  continuous  strip  of  metal  without  lap  or  rivet. 
Mounted  on  standard  and  extra  heavy  pipe  or  solid  shaft. 

GEARS 

Machine  Molded  Teeth  or  Cut 
T(>eth,  Spurs,  Bevels,  IVIiters,  Mor- 
^        tise  Wheels,  1"  to  6"  pitch. 

CHAIN 

Standard  Malleable  Detachable 
Special,  Steel  Chains  for  all  pur- 
])oses. 

SPROCKET'WHEELS 

With  Chilled  Rims  and  Teeth 
for  hard  service. 

ELEVATOR  BUCKETS 

Salem,  ( 'aldwell  Averj'  maile  of  Steel,  also  Special  Steel  Buckeis  of  all  kinds  made 
to  order.     Malleable  Buckets  for  stone,  coal  and  gritty  materials. 

STEEL  WORK 

Elevator  Casings,  Conveyor  Troughs,  Spouting  Tanks,  Pan  Conveyors,  Ele- 
vator Boots. 


Belt 

Conveyors 
for  stone, 
sand,  grain, 
coal,  etc. 

Send  for 
catalogue 
No.  34 


Pulleys, 

Fly  Wheels, 

Shafting, 

Bearings, 

Friction 

Clutches, 

etc. 
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Belt   Conveyors,   Conveying   Weighers 


THE  CONVEYING   WEICxHER   CO. 

99  WEST  STREET,  NEW  YORK,  N.  Y. 

BALL  BEARINGnBELT  CONVEYORS;  CONTINUOUS,  AUTOMATIC  SCALES 
FOR  BELT  AND  OTHER  CONVEYORS;  CONVEYING  AND  HOISTING 
MACHINERY;  COMPLETE  MATERIAL  HANDLING  PLANTS;  TRUMP 
MEASURING  AND  MIXING  MACHINES;  TRUMP  CONCRETE  MIXERS; 
PEAT  DIGGING,  SCRAPING,  AND  LOADING  MACHINERY. 


BALL  BEARING  BELT  CONVEYORS 


We  illustrate  herewith  the  con- 
struction of  ball  bearing  t  roughing 
and  return  idlers  for  belt  conveyors. 
It  is  guaranteed  that  if  a  belt  con- 
veyor running  level  be  equipped  with 
these  idlers,  there  will  be  a  saving  of 
40%  in  power  required.  These 
idlers  having  felt  oil-retaining  wash- 
ers need  to  be  lubricated  only  once 
in  two  years. 
A  Hardened    steel  "Cone"    fitted 

on  turned  steel  shaft 
B  Pressed  steel  "Ball  Retainer" 
C  Turned  steel  shaft,  set  screwed 

in  Idler  brackets 
D  Oiled  washer   of  felt  or   carded 

wool 
E  Hardened  steel  "Plug"  screwed 

into  pulley  hul) 
F  Brass  plug  for  lubrication 
G  Lock  screw  to  prevent  hardened 
plug  from  turning 


"Conweigh"  Ball  Bearing,  troughing,  and  return 
idlers  for  belt  conveyors  (patents  pending) 


THE  MERRICK  CONVEYING  WEIGHER 

This  device  records  the  wtMght  of  material  handled  on  belt  conveyors,  bucket 
conveyors,  cable  railways  and  overhead  trolleys  or  telphers.  The  weigher  con- 
sists of  a  ijair  of  weighing  levers  and  a  steelyard  of  special  design  so  that  a  short 
section  of  the  conveyor  can  be  suspended  from  the  weighing  levers.  The  extreme 
end  of  the  steelyard  is  connected  with  a  totalizing  mechanical  integrator  which 

derives  its  other  factor 
from  the  travel  of  the 
conveyor  by  means  of 
suitable  gearing  from  a 
bend  pulley  on  the  return 
belt,  or  a  sprocket  wheel 
if  on  a  bucket  conveyor. 
This  integrator  continu- 
ously totalizes  the  prod- 
uct of  two  quantities, 
one  proportional  to  the 
weight  of  material  sus- 
pended and  the  other 
to  the  travel  of  this  ma- 
terial. The  result  there- 
fore rei)resents  the  total 
weight  of  material  and 
is  plainly  indicated  by  a 

rGff  IS  tiGP 

View  of  Conveyor  Weigher.    Front  Sheet  of  Casing  Removed  ° 
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Elevntnuj  and   Conveyinq  Machinery 


liOS'lOX 


(;il  1X)RD-W()()D   CO. 

HUDSON,   N.  Y. 


CIlICACiO 


ELEVATING  AND  CONVEYING  MACHINERY;  ICE  TOOLS 


IM  ""  ^ I 

Gig  Elevating  ami  Lowering     Automatic  Lowering 
Machine  Machine 


i/^f        j,M0)»0i,a»^ 


^ 


Milk  Can  Elevator 


*«« 


Ice  Elevator 


R.  R.  Coaling  Station 


Ice  Elevator 


Wagon  Loader 


Model  Coal  Pocket 

Send  for  catalogs  and  other  information  desired. 
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Eh'vating,   Conveying  and  Power   Transmitting  Machinery 


WELLER  MANUFACTURING  CO. 

CHICAGO,   ILLINOIS 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  SHEET  METAL  WORK- 
ERS. MANUFACTURERS  OF  ELEVATING,  CONVEYING  AND  POWER 
TRANSMITTING  MACHINERY.  COMPLETE  GRAIN  ELEVATOR 
EQUIPMENTS. 


The  complete  catalogue  of  the  Weller  Manufacturing  Co.,  covering  a  com- 
plete line  of  el(>vating,  conveying  and  power  transmitting  appliances,  comprises 
a  volume  of  about  600  pages.  We  have  endeavored  to  give  in  the  following 
list,  however,  enough  to  indicate  the  range  of  their  activities  in  these  lines. 

Angle  jjlates  Tor  bevel  and  miter  gears 

Apron  Conveyors 

Barrel  Elevators 

Bearings,  ring  oiling,  chain  oiling,  self  oiling 

Belt  tighteners 

Belting,  Rubber,  Canvas,  Leather. 

Blocks,  Tackle 

Buckets,  Elevator 

Cars,  Steel  Dump 

Chain,   Case  hardened  steel  bushed,    combination   steel  and  malleable, 

detachable  lock  pintle,  etc.,  etc. 
Clutches,  Friction,  Square  and  Spiral  Jaw 
Collars 

Conveyors,  Belt,  Spiral,  Endless  Chain 
Couplings,  Compression,  Flanged  face.  Universal 
Dump  Cars 
Elevator  Appliances,  including  Buckets,  Boots,  heads,  legging  both  steel 

and  Wood,  Power  shovels,  etc.,  etc. 
Fans,  for  elevator  heads,  steel  plate  exhaust 
Friction  Clutches 
Friction  Hoists 
Friction  Wheels 

Gears,  Spur,  Bevel,  Cogs,  Worm,  etc. 
Grease  Cups 
Hangers,  Drop,  Post 
Hoists,   American   Safety   rope,   double  drum,  Moore  anti-friction  chain, 

single  drum  friction 
Jack  Screws,  Locomotive 
Link  Belting  and  attachments 
Manila  Rope  Transmission  appliances 
Oil  Burners 
Paper  Frictions 
Perforated  Metal 
Pillow  Blocks 

Pipe,  plain  riveted,  spiral  riveted 
Power  Shovels 

Pulleys,  cast  iron,  head,  friction  clutch,  steel  split,  wood  split,  etc. 
Shafting 
Sheaves,  manila  rope  transmission,  wire    rope    transmission,  wire    rope 

hoisting 
Sprocket  Wheels 
Spur  Rack  and  Pinion 
Take  up  Boxes 
Tension  Carriages 
Trippers  for  Belt  Conveyors 
Winches,  Hand  and  Power 
Wire  Cloth 


Elevating,   Conveying  and  Poiver   Transmitting  Machinery 


WELLER  MANUFACTURING  CO. 


Sprockets 


Pulleys 


Dump  Cars 


Pillow  Blocks 


Gears 


Sheaves 


Belt  Tighteners 


Hangers 


(See  also  next  page) 
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Elevating,   Conveying  and  Power   Transmitting  Machinery 


(Continued  from  preceding  pages) 

WELLER  MANUFACTURING  CO. 

CHICAGO,  ILLINOIS 


Spiral  Screw  Conveyor 


Trippers 


Barrel  Elevator 


Standard  C.  I.  Elevator  Boot 


Friction  Hoist 
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Locomotives,  Hois/iiuj  Engines,   Cenienf  Machinery 


VULvCAN  IRON  WORKS 

WILKES-IUIUIE,  PA. 

LOCOMOTIVES,     HOISTING      AND     HAULAGE     ENGINES, 
AIR  COMPRESSORS,  MINING    AND  CEMENT  MACHINERY 


l^Ii^^-M^^if 


LOCOMOTIVES 

Steam  Locomotives.  The  Vulcan  Iron 
Works  make  a  specialty  of,  and  have  ex- 
cellent facilities  for,  building  locomotives 
to  m(>et  the  needs  of  contractors,  steel, 
mining,  and  industrial  plants ;  and  for  plan- 
tation, logging,  freight,  switching  and  pas- 
senger service,  in  all  styles  and  weights  from 
seven  to  seventy  tons  on  drivers.  A  separa  t  e 
and  complete  plant  is  devoted  to  this  work. 

We  also  endeavor  to  keep  on  hand  full  detail  parts  of  standard  types  with 
a  view  of  making  deliveries  on  short  notice.  Our  stock  locomotives  can  be 
forwarded  on  receipt  of  lettering  instructions. 

Complete  illustrated  catalog  on  request. 

Compressed  Air  Locomotives  are  adapted  to  general  service  in  and  around 
coal  mines,  or  industrial  plants  where  a  fired  locomotive  would  be  dangerous. 
The  dimensions,  pressure  and  capacity  of  the  tanks  may  be  modified  to  suit 
special  requirements  and  conditions.  For  very  long  runs  a  separate  air  tender 
can  be  provided,  which  may  be  attached  or  detached  as  desired.  Detailed 
information  on  request. 

HOISTING  AND  HAULAGE  ENGINES 
First  Motion  Hoists.  These  engines 
are  built  to  the  most  rigid  specifica- 
tions for  heavy  hoisting  work.  The 
drums  are  of  steel  or  iron,  grooved  and 
conical  in  shape  so  as  to  counterbal- 
ance the  weight  of  the  rope.  The  illus- 
tration shows  a  type  used  for  shaft 
hoisting  from  300  to  1000  ft.  lifts  fitted 
with  steam  reverse,  steam  brake,  and 
the  Nicholson  Engine  stop  for  the  pre- 
vention of  overwinding.  Special  cata- 
■  log  on  request. 

Geared  Engines.  Vulcan  Geared  Engines  are  used  ordinaiily  where  a  hoisting 
speed  of  SUO  ft.  per  minute  or  less  is  satisfactory,  and  for  some  purposes  are 
preferred  over  First  Motion  Hoists  because  of  the  lesser  first  cost  and  of  the 
smaller  space  occupied.  These  engines  are  simple  and  compact,  but  have  ample 
proportions  in  all  working  parts  so  as  to  insure  great  durability  and  consequent 
low  cost  of  maintenance.     Special  catalog  on  request. 

Vulcan  Electric  Hoists.  Vulcan  Electric  Hoists  are  built  in  standard  sizes  from 
35  to  2rj0  H.P.  and  with  single  or  double  drums.  Special  hoists  will  be  designed 
to  meet  special  conditions  as  may  be  required.  If  desired  the  equipment  in- 
cludes solenoid  brakes  and  a  device  for  the  prevention  of  overwinding. 

MACHINERY  FOR  THE  MANUFACTURE  OF  PORTLAND  CEMENT 

We  build  Kilns  for  either  the  dry  or 
wet  process,  and  of  any  size  to  suit  the 

needs  or  ideas  of  the  customer.      Al-  .  i., 

though  our  specialty  is  rotary  kilns, 
dryers  and  coolers,  we  also  build  en- 
gines, boilers,  stacks,  bins,  shcn-t  iron 
work  of  all  kinds,  conveying  and  ele- 
vating machinery,  and  other  machin- 
ery used  in  or  around  the  Modern 
Portland  Cement  Plant. 

Catalog  on  rccjuest. 
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Milling  Maclii fiery 


NORDYKE   k   MARMON  CO. 

Established   1S51 

1320  Kentucky  Ave.  INDIANAPOLIS,    IND. 


FLOUR  AND  CEREAL  MILLING  MACHINERY  ;   ELEVATING,  CONVEY- 
ING AND  POWER  TRANSMITTING  APPLIANCES. 


FLOUR   AND    CEREAL   MILLING   MACHINERY 


Aspirators 

liag   Filling   Machines 

Ilarley  Machinery 

nienders,  Flour 

ISolters,      Flour,      Meal 
and  Special  products 

Buckwheat  Machinery 

Cleaners,  Corn  and 
Grain 

Conveyors 

Coolers,  Meal 

Crushers,  Corn 

Degerminators,  Corn 

Distillers'  Machinery 

Dressers,   Flour 

Dryers,   Meal 

Dumps,  Wagon 

Dusters,  Bran 

Fans,  Exhaust  or  \'i'u- 
tilating 

VUiuT   Mjll   Machincrv, 
"All  Kinds" 

Grain      Cleaning      and 
Grading     Machinery 

Grain      Elevator     Ma- 
chinery &  Appliatices 

Heaters,  Grain 

Hullers,   Rice 

Mill  and  Factory  Sup- 
plies 


THE  RIPE  EXPERIENCE  of 
more  than  sixty  years  of  successful 
manufacturing  is  embodied  in  every 
machine  and  mill  or  factory  acces- 
sory produced  by  Nordyke  &  Mar- 
mon  Company.  In  every  way  that 
counts  for  the  user's  benefit  they 
are  second  to  none. 

Each  new  device  and  machine  is 
subjected  to  a  gruelling  test  under 
actual  operating  conditions  before 
it  goes  on  its  way  to  a  prospective 
user.  It  is  tliis  rigid  standard  of 
service  and  responsibility  to  the 
ultimate  user  that  has  made  Nor- 
dyke &  Marmon  Company  known 
the  world  over  as  "America's  Lead- 
ing Mill  Builders." 

The  list  shown  above  gives  you 
an  idea  of  the  different  machines  we 
build  for  your  use.  Our  catalogs 
tell  you  in  further  detail  why  the.se 
machines  fulfill  your  requirements 
so  thoroughly.  A  letter  will  bring 
a  catalog  describing  any  machine 
you  need — write  it  now. 


Mills,  Buhr  Stone 

Mills,  Feed  Grinding 

Mills,  Roller 

Movers,  Car 

Oat  Meal   Machinery 

Packers,  Bran 

Feed,  Flour  &  Meal 

Power  Transmitting 
Machinery 

Pulverizing  Machinery 

Purifiers,  Flour  &  Meal 

Reels,  Bolting 

Roll  Grinding  and  Cor- 
rugating 

Rope  Transmission  Ma- 
chinery 

Scalpers,  Corn  (Round, 
Reel  and  Hexagon) 

Screening  Machinery 

Separators,  Dust 

Shellers  (Corn),  Hand 
and  Power 

Sieve,  Starch 

Sifters,      Flour,      Meal, 
etc. 

Starch       Factory     Ma- 
chinery 

Steamers,  Grain 

Take-ups,  Belt  &  Rope 

Temperers,  Corn  and 
Grain 
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Power  Transmission  Machinery 


NORDYKE  k  MARMON  CO. 


ELEVATING,  CONVEYING  AND  POWER 
TRANSMITTING  APPLIANCES 

Although  best  known  as  manufacturers  of  Flour 
and  Coroal  Mill  Machinery,  the  Nordyke  &  Mar- 
nion  Co.  are  also  larj^e  nianul'acturers  of  Elevating, 
Conveying  and  Power  transmitting  appliances.  We 
l)resent  herewitli  a  i)artial  list  of  our  products  in  this 
line,  and  a  few  illustrations  to  show  the  symmetrical 
and  powerful  lines  along  which  they  are  designed. 

Our  general  price  list  No.  L320  contains  brief 
descriptions  and  complete  tables  of  prices,  dimen- 
sions and  weights. 

We  contract  to  furnish  complete  mechanical 
equipment  for  flour  mills,  corn  mills,  cereal  mills, 
starch  and  rice  mills,  with  or  without  power  plant 
from  the  smallest  to  the  largest  capacities,  furnish- 
ing detailed  building  and  machinery  plans. 

A  large  and  complete  stock  of  mill  supplies  is 
carried  from  which  orders  ai-e  promptly  filled. 

We  solicit  inquiries  for  prices,  estimates  and 
information. 


Attachments,  sprocket  chain 

Bearing.s,  double,  eccentric, 
elevator  boot,  flange, 
flat,  floor,  floor  stand, 
hanger,  journal,  pedes- 
tal, pillow  block,  post, 
rigid  flat,  rigid  vertical, 
ring  oiling,  roll  feeder, 
step,  take-up,  universal, 
upright,  vertical 

Belt  clamps 

B('lt  conveyor  appliances 

Belt  tighteners 

Belting,  canvas  stitched,  cot- 
ton, leather,  rubber 

Bevel  gears 

Boots,  elevators — cast  iron, 
galvanized  iron,  wood 

Brackets,  wall 

Buckets,  elevator 

Chain,  sprocket 

Clutches,  friction,    aw 

Cogs,  wood 

Collars,  safety  set 

Conveyors,  belt,  flight,  heli- 
eoid,  spiral 

Countershafts,  variable  speed 

Couplings,  clamp,  cog,  com- 
pression, conveyor,  fin- 
ger, flange,  friction 
dutch,  jaw  clutch  plate 

Cups,  elevator 

Elevators 

Frames,  sectional  wall 

Gears,  bevel,  spur,  mitres, 
internal 

Hangers,  conveyor,  drop, 
post 

Hardwood  conveyor  flifihts 

Heads,  elevator:  galvanized 
iron,  sprinkler,  staiulard 

Hoisting  crabs 

Hoisting  cranes 

Hoisting  screws 

Jacks 

Keyseating 


Laces,  belt 

Link  belt 

Link  belt  attachments 

Linings,  conveyor 

Manila  transmission  rope 

May-Oborn  chain 

Movers,  car 

Pillow  blocks 

Plates,  anchor,  arch  levclintr. 
pulley,  sole  or  base,  toe, 
tram 

Post  hangers,  adjustable, 
double  rigid 

Power  grain  shovels 

Pullers,   car 

Pulleys,  cast  iron,  clamp  hub, 
flanged,  friction  clutch, 
rope,  solid;  split,  tight 
and  loose 

Rack  tighteners 

Rolls,  belt  conveyor 

Rope,  Manila  transmission 

Rope,  sheaves 

Rope,  wire 

Scales 

Set  screws 

Shafting 

Sheaves,  rope,  rubber  filled 

Speed  indicators 

Stands,  floor,  pulleys 

Take-up  boxes 

Tension  carriages 

Tighteners,  belt 

Tracks  for  tension  carriages 

Triple  conveyor  bearings 

Troughing  rolls  and  caniers 

Vertical  shaft  bearings 

Wall  box  frames 

Weights  for  tension  carriages 

Wheels,  sprocket 

Wood  boxes  for  conveyors 

Wood  shaft  conveyor 

Wrenches 
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Ring  Oiling 
Bearing 


Plate  Type 
Coupling 


Adjustable  Ball  and  Socket 
Drop  Hangers 


Horizontal  Tension  Carriage 
Double  Track 


Finished  Iron  Sheaves 
For  Manila  Rope  Transmission 


Screw  Belt  Tightener 

Horizontal  and  Upright 


Mitre 
Gearing 


Bevel  Mortise 
Gearing 


Con 


veyors 


STEPHENS-ADAMSON  MFC;.  CO. 

AURORA,  ILLINOIS 

CHICAGO,  NEW  YORK,  PITTSBURG,  ST.  LOUIS,  SAN  FRANCISCO, 

]A)S  ANGELES,  I'.()ST(.)N 

CONVEYING    ENGINEERS;    CONVEYING,    SCREENING,   AND   TRANS- 
MISSION  MACHINERY. 


"S-A"   BELT   CONVEYORS 

In  the  design  of  this  machinery,  we 
have  led  particidarly  in  its  appHca- 
tion  to  contracting  work — handHng 
sand  and  grav(>l  in  washing  and  con- 
crete mixing  plants,  and  handling 
excavations  and  dam-fills.  Our  ex- 
perience along  these  lines  makes  our 
engineering  service  particularly  help- 
ful 


S-A  Ball  Bearing  UnH  Carriers 
THE  "  S-A  "  UNIT  CARRIER 

is  an  all-steel  ball  Jiearing  carrier,  possessing  the  following  advantages: 

Construction — Tiie  Unit  Carrier  is  made  up  of  individual  Unit-  Rolls,  sup- 
lioi-lcd  in  steel  lirackets  which  are  mounted  on  steel  channels  arranged  to  meet 
any  requirements. 

JEasy  Running — The  ball  bearings  reduce  the  pf)wer  required  33  1-3  per  cent 
on  level  runs. 

No  Lubrication — The  ball  bearings  (dust-proof)  eliminate  the  constant  atten- 
tion required  for  hilirication  and  thus  reduce  the  labor  cost. 

Strength  and  Light,  A\'(>ight — The  steel  con.struction  with  individual  supports 
for  each  roll  gives  th(^  sti'ongest  and  the  lightest  carrier  made.  Each  single  unit 
will  safely  stand  a  load  of  LOOO  lbs. 

Adjustment — The  LInit  Construction  allows  perfect  flexibility  and  ease  of 
adjustment  to  all  changes  of  size,  degree  of  concentration,  etc. 

STYLE  No.  9  CARRIER 

This  carrier  has  direct  lubrication 
to  well-babbitted  bearings  outside  the 
conveyor  belt.  It  is  mechanically 
correct  and  is  the  highest  develop- 
ment of  this  type  of  conveyor  carrier. 
Many  miles  of  conveyors  are  operat- 
ing over  these  carriers  imdcr  all  con- 
ditions.   The  bearings  arc  dust-proof 

and  the  strength  is  adequate  to  all  r,    ,    ,t        ^     ■ 

11^  '  Style  No.  9  Carrier 

tlemands.  ■' 

THE  "  S-A "  IMPROVED  PIVOTED  BUCKET  CARRIER 

The  Power  Plant  Conveyor 

For   handling    coal    and    a.shes    in 
I)ower    plants,    for    handling    cement    mn  _  jff|W|f     '^_''"rjBir!S>.|'^» 
clinker,  etc. 

No  Spill.  The  lips  of  the  buckets 
ovcrlaj)  ])erfectly,  so  that  no  particles 
of  the  material  are  spilled  in  transit. 

Perfect  Discharge.  Each  bucket 
turns  completely  over  at  tlie  tripper, 
loosening  sticky  material  and  empty- 
ing all  particles  of  dust  or  grit. 

Malleable  Iron  Buckets.  The  buckets'are  not  afTected  by  temperature.  Grit 
cannot  wear  the  buckets  or  get  into  the  bearings. 

Perfect  Alignment.  The  supporting  shaft  of  each  bucket  passes  thru  both 
links  of  each  chain  and  holds  the  chains  in  their  proper  upright  position. 


PHENS  —  ADAMSOW- ;lirG.^JCB  '■ 


S-A  Imcroved  Pivoted  Bucket  Carrier 
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Gravel   1J\ishnuj   and   Rock    (.,nislinuj   Equipment 


72-inch  "S-A" 
Jumbo  Conveyor 


STEPHENS  ADAMSON  MFG.  CO. 


GRAVEL  WASHING  AND  ROCK  CRUSHING 
EQUIPMENT 

We  liiivo  designed  and  equipped  hundreds  of  these 
plants — commercially  successful — in  all  parts  of  the 
country.  The  steel  pan  conveyor  illustrated  here,  which 
is  the  largest  ever  built,  is  handling  crushed  stone  in  the 
jilant  of  the  Tomkins  Cove  Stone  Company.  It  handles 
a  capacity  of  1,000  tons  per  hour  up  an  incline  of  45 
degrees.  The  steel  buckets  arc  six  feet  in  length  and  are 
supported  by  graphite-bushed  self -lubricating  steel  rollers 
connected  by  double  steel  bar  link  chains.  Many  of 
our  large  conveyors  of  this  type  are  in  use  throughout 
the  coimtry. 

"S-A"  STEEL  PAN  CONVEYORS 

To  meet  the  increasing  demand  for 
conveyors  of  large  capacity  and  reli- 
ability, we  build  several  types  of  steel 
pan  conveyors.  These  conveyors  are 
absolutely  reliable  and  produce  high 
conveying  economy. 


PROTECTED  SCREW  TAKE-UPS 

This  style  of  take-up  has  a  standard 
bearing  mounted  on  a  steel  angle  base. 
The  angle  protects  the  screw,  brings 
the  bearing  lower  and  makes  a  more 
powerful  and  compact  take-up  than 
any  other  type. 


"S-A"  REVOLVING  SCREENS 

This  type  of  revolving  screen  is  de- 
signed for  the  severest  crushing  plant 
service.  We  also  make  many  types 
of  screens  for  lighter  service. 

"S-A"  IMPROVED  GILBERT 
SCREEN 

The  standard  screen  for  washing 
sand  and  gravel.  The  inner  skirt 
takes  the  greatest  wear  and  triples 
the  life  of  the  outer  screen. 


S-A"  Improved  Gilbert  Screen 


OUR  MANUFACTURES  AS  ILLUSTRATED  IN  OUR  GENERAL 
CATALOG  INCLUDE  THE  FOLLOWING  LINES 


Bearings 

Belt  Conveyors  for  all  applica- 
tions 

Brushes,  Revolving,  for  con- 
veyors 

Buckets,  Elevator,  steel  and 
malleable 

Cars 

Car  Hauls 

Car  Pullers  and  movers 

Chains,  standard  detachable, 
malleable  and  steel  of  all  types 

Clutches,  friction  and  jaw 


Coal  Handling  Equipment  for 
pockets,  power  stations,  wash- 
cries-and  tipples 

Coal  Crushers 

Conveyors,  belt,  pan,  chain  for 
handling  ore,  coal,  ashes, 
gravel,  crushed  rock,  clay, 
cement,  and  all  bulk  or  pack- 
age products 

Elevators,  chain  and  belt,  for  all 
applications 

Feeders,  conveyor,  apron,  roll 
and  shaking 

Gates 


Gears 

Glass  Works  Conveyors 

Gravel  Plant  Equipment,  wash- 
ing and  screening 

Hangers 

PHllow  Blocks 

Pulleys 

Screens,  shaking  and  revolving 
for  all  applications 

Sheaves 

Spouts 

Sprockets 

Transmission  Systems  and 
Equipment 


Crushing  and  Grinding  Machinery 


WILLIAMS    PATENT    CRUSHER 
PULVERIZER  CO. 


AND 


Old  Colony  Bldg. 


CHICAGO. 


WORKS 
St.  Louis 


BRANCH  OFFICES 
San  Francisco        Philadelphia        Pittsburgh 


New  York 

CRUSHING  AND  GRINDING  MACHINERY 


COAL  CRUSHERS  FOR  COKE  OVEN  WORK, 
BY-PRODUCT  AND  BEEHIVE  OVENS. 

By  the  use  of  the  Wilhams  Patent 
Hammer  Crushers  with  the  various  ad- 
justable features,  the  following  results 
are  obtained  from  the  ovens :  The  oven 
])ulls  easier,  more  coke  is  made  from 
I'aeh  oven,  the  ash  is  reduced,  the  coke 
comes  out  firm,  regular  in  size,  does 
not  crumble,  and  the  structure  is  much 
improved. 

The  substantial  construction  of  these 
machines  is  plainly  shown  in  this  cut; 
all  parts  subject  to  wear  are  easily  ad- 
justable, wliich  includes  the  hammers, 
the  discs,  the  cage  bars,  and  the  breaker 

plates.  The  housing  is  entirely  protected  from  wear  by  heavy  liner  plates  made 
of  heavy  chilled  iron.  The  machine  is  very  accessible,  as  it  is  made  of  sectional 
construction. 


Specifications  Regular 

Crusher 

Size 
I\Iill 

Hopper 
Open- 
ins 

Size 
Feed 

Capacity 
Tons  Per  Hour 

Speed 

Size 
Pulley 

Extreme 
Dimensions 

Horse 
Power 

Wght 

In. 

finer 

finer 

y»"  & 

finer 

R.P.M. 

Diam. 

Face 

L'gth 

Wdth 

H'ght 

P'nds 

1 
2 
3 
4 
5 
6 

15.x  12 
20x12 
30x16 
40x18 
50x20 
60x20 

g 
o 

i 

5 

30-  40 
45-  55 
65-  80 
100-115 
120-140 
1.50-175 

25-  30 
40-  50 
60-  70 
80-  90 
100-110 
11.5-130 

20-  25 
30-  40 
45-  60 
60-  80 
75-100 
100-120 

1000 
1000 
1000 
1000 
1000 
1000 

20" 
20" 
20" 
24" 
24" 
24" 

15" 
15" 
15" 

18" 
20" 
22" 

6' 
6' 
6' 
6' 

6' 
6' 

O'G" 
7'6" 
8'6" 
9'0" 
9'6" 
ll'O" 

3'0" 
3'9" 
3'9" 
3'!)" 
3'9" 
3'9" 

20-25 
30-35 
50-60 
75-80 
100 
125 

6500 

7500 

9500 

10500 

12000 

13500 

Jumbo  Specifications 

5 
G 
7 
8 

30x24 
36x24 
48x.30 
60x30 

b 

150-175 
180-200 
225-250 
>75-300 

120-140 
115-165 
200  22(i 
•.'5M   :.'7." 

80-100 
120-110 
150-175 
ISO  200 

750 
750 
7.50 
750 

24" 
30" 
30" 
30" 

18" 
20" 
24" 
21" 

8' 10" 
8' 10" 
8'10" 

S'lO" 

9' 
10' 

ir 

13' 

5'4" 
5'4" 
5't" 
5 '4" 

8,5-100 
140-150 
165    IS.". 
200   2 50 

20000 
21000 

USOOII 
30000 

CRUSHERS  FOR  ANTHRACITE  MINE  REFUSE 

Our  Patent  Hinged  Hammer  Debris  Crushers  are  in  extensive  use  for  ])roperly 
crushing  and  treating  Anthracite  debris  or  Culm  before  flushing  it  into  the  mines. 


Specifications  Debris 

Crushers 

Size 

ilopper 
Open- 

Size 

Capacity 

Speed 

Size 

Extreme 

Horse 

Wght 

Mill 

ins 

Feed 

Tons   Per  Hour 

Pulley 

Dimensions 

Power 

In. 

finer 

Vi"  & 
finer 

H"  & 

finer 

R.P.M. 

Diam. 

Face 

L'gth 

Wdth 

H'ght 

P'nds 

1 

15x12 

W 

30 

20 

15 

1000 

20" 

15" 

6' 

6'6" 

3'9" 

20-25 

6500 

2 

20x12 

c 

40 

35 

25 

1000 

20" 

15" 

6' 

7'6" 

3'9" 

25-30 

7.500 

3 

.30x16 

o 

65 

50 

35 

1000 

20" 

15" 

6' 

8'6" 

3'9" 

40-50 

9500 

4 

■tOxlS 

80 

70 

60 

1000 

24" 

IS" 

6' 

9'0" 

3'9" 

75-80 

10500 

5 

50x20 

►-. 

115 

85-100 

75 

1000 

24" 

20" 

6' 

9'G" 

3'0" 

100 

12000 

6 

60  x20 

0 
a 

130 

110-125 

90-100 

1000 

21" 

22" 

6' 

ll'O" 

3'9" 

125 

i:!500 

We  also  crush  Coal  and  Pitch  for  Briquette  Plants — for  Coal  Washers,  before 
and  after  washing,  and  make  a  specialty  of  sizing  Coal  for  all  Commercial  Purposes. 


Crusliing  and  Grinding  Machinery 


WILLIAMS    PATENT    CRUSHER    AND 
PULVERIZER    CO. 

CRUSHERS  FOR  CHAIN  GRATES  OR  STOKERS 

The  Williams  I'atent  Coal  Splitter  takes  Run  of  Mine  Coal  and  reduces  the  same  to  I'^i", 
1!4".  1".  ii"  »infl  finer  with  the  "minimum  amount  of  fine  du-it,"  the  only  machine  made  that 
can  bo  rei/idntcd  to  properly  .lize  coal.  All  parts  arc  adjustable  to  wear;  the  crusher  is  also 
adjustable  to  give  most  any  size  coal  desired. 

Brief  Specifications 


Hopper 

Capacity — Ions 

No.  of  Crusher 

Opening, 

Weight 

Horse  Power 

Per  Hour  R.O.M. 

Inches 

to  lYi"  and  Fini  r 

1 

15  X   12 

6,500 

15  to     20 

25  to     40 

2 

20  X   12 

7,200 

20  to     25 

50  to     60 

3 

30  X   16 

9,500 

40  to     50 

75  to  100 

4 

40  X   IS 

10, .500 

60  to     75 

100  to   125 

5 

50  X  20 

12,000 

85  to  100 

135  to   175 

6 

()0  X  20 

13,. 500 

100  to   125 

180  to  220 

1 

48  X  3G 

22,000 

135  to   175 

250  to  275 

8 

GO  X  CG 

30.(100 

200  to  250 

300  to  375 

9 

60  X  40 

40.000 

275  to  350 

400  to  5ro 

WRITE  FOR  COMPLETE  COAL  CATALOG  No.  30. 
RAW  MATERIAL  GRINDERS  FOR  CEMENT  AND  GYPSUM  PLANTS 

UNIVERSAL  MILL  ^      (j^y. 

Thi.s  Universal  Grinder  is  the  onhj 
machinp  of  it.s  kind  made.  Will  take 
DRY  2"  Liinostone,  Shale,  Clay,  or 
Coal,  and  deliver  at  one  operation  a 
])rodiict  95%  through  20  me.sh,  TUBE 
MILL  FEED  WITHOUT  OUTSIDE 
SCREENS  OR  SEPARATORS.  No 
other  machine  can  deliver  the  fine  uni- 
form product  year  in  and  out. 

Complete  Specifications  Universal 
Mills 


Capacity 

Floor  Space 

Extreme 
Dimensions 

" 

Si7:e 

Size 

Diam 

Per  Hour 

Horse 

Size 

Mill 

Feed 

Mill 

Dry         Stone 
Tons 

Speed 

Power 

Pulley 

Wght 

12  Mesh 

20  Mesh 

R.P.M  . 

L'gth 

Width 

Height 
3'2" 

Face 

Diam. 

P'nds 

0 

1      " 

IS" 

H 

1  .^ 

1800 

10-  12 

5' 

5'   1" 

8'^" 

8" 

2500 

1 

1 ' .. " 

26" 

2-  4 

1-  3 

1600 

1.5-  20 

6'3" 

5' 10" 

3'S" 

10'.," 

10" 

4000 

2 

li.>' 

26" 

5-  6 

3-  5 

1600 

20-  25 

6'3" 

6'  3" 

3'8" 

121.," 

16" 

5000 

2xx 

2     " 

26" 

6-  8 

5-  0 

1600 

30-  35 

6'3 ' 

7' 

3'S" 

15     " 

20" 

6500 

3 

2     " 

40" 

10-12 

8-10 

1100 

50-  00 

7'6" 

6'10" 

5'4" 

15     " 

20" 

12(100 

4 

2U" 

40" 

1.3-15 

10-13 

1100 

6.5-  75 

7'6" 

7'10" 

5'4" 

IS     " 

20" 

14000 

b 

2'.,' 

40" 

16-20 

15-lS 

1100 

80-100 

7'6" 

8'  6" 

5'4" 

20     " 

20" 

16.300 

9 

3     " 

60" 

25-35 

20-30 

7-50 

1.50   175 

12' 

9'  2" 

7'2" 

2t     " 

30" 

30000 

VULCANITE  RE-CRUSHER 
These  Vulcanite  grinders  will  take   raw  material,    limestone,    shale,    clay  or  coal,    in  cubes  of 


3  inches  and  under,  and  reduce  the  same  to   '2   inch  or  '4   inch, 
for  those  plants  which  use  roller  mills  a.s  finishers  in  the  raw  end. 

Vulcanite  Specifications 


This   makes  an  excellent  feed 


Size 
Mill 

Hopper 
Open- 
ing 

Size 
Feed 

Capacity 

Tons  Per 

Hour 

Speed 

Horse 
Power 

Extreme 
Dimensions 

Size  Pulley 

W'ght 

V2" 

H" 

W 

R.P.M. 

L'gth 

Width 

Height 

Diam. 

Face 

]"nds 

I 

2 

2xx 

3 

4 

5 

6 

7 

14"x  5" 
18"x  6" 
24 "x  6' 
18"x  8" 
24 "x  8" 
30 "x  8" 
36"xl0" 
40"xl0'' 

2     " 
0     » 

2\r 
3  " 
3  " 
3  " 
3  " 

4 
7 
10 
20 
30 
35 
40 
50 

3 
5 

8 
18 
27 
30 
35 
42 

2 
3 

0 
15 
25 
28 
30 
35 

1500 
1.500 
1.500 
1000 
1000 
1000 
1000 
1000 

15-  18 
20-  25 
30-  35 
40-  50 
70-  75 
90-100 
110-125 
12.5-1.50 

4'8" 
4'S" 
4'S" 
5'2" 
5'2" 

5'2;; 

o'2" 
5'2" 

6'3" 

6'6" 

7' 

7' 

7'4" 

8' 

9' 

9'6" 

3'3" 

3'3" 

3'3" 

4' 

4' 

4' 

4' 

4' 

16" 
16" 
20" 
20" 
20" 
20" 
20" 
22" 

10' 2" 
12'.." 
15     " 
15     " 
18     " 
20     " 
22     " 
24     " 

4200 
5000 
6000 
10(1(11) 
12000 
It  000 
15.500 
17500 

WRITE  FOR  CEMENT  CATALOG  No.  33. 
(S  _'j  also  following  pages) 
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Crushing  and  Grinding  Machinery 


(Continued  from  preceding  pages) 


WILLIAMS   PATENT  CRUSHER  AND 
PULVERIZER  CO. 


BONE,  TANKAGE,  SHELL  AND  FERTILIZER  GRINDERS 

The  Williams  Grinders  are  so  well 
known  in  the  general  Fertilizer  field  that 
we  do  not  deem  it  advisable  to  go  into 
any  lengthy  explanation  as  to  just  what 
they  will  do  on  Fertilizer  material,  for 
we  have  over  400  in  operation;  we  will, 
however,  give  below  a  few  uses  for  these 
machines  on  Bone  and  Tankage. 

They  successfully  grind  Steamed  and 
Junk  Bone,  Packing  House  and  Garbage 
Dry  Tankage,  Raw  Bone,  Clam  and 
Oyster  Shells,  Beef  Scraps  and  Crack- 
lings, Corn,   Cob  and  Cereal,  etc. 

Specifications  Regular  Bone  Mills 


a 

Capacities 

PuUey 

Dimensions 

J3  « 

^f 

«  S 

o  a 

Approximate 

Dimen- 

Speed 

Approximate 

bC  o 

0.   ■ 

o 

.oO 

fa 

Per  Hour 

sions 

o 

Extreme 

^.5 

t,  o 

Mesh 

Mefh 

Mesh 

11 

fl    0) 

il  p. 
6  S- 

0 

10 
Dry 

8-10 
Steamed 

Green 

Dia. 

Face 

Rev. 
Per 

|S 

M 

Si 

j3 

si 

PK 

tZ 

Tankage 

or  Dry 
Bone 

or  Raw 
Bone 

M. 

K< 

a 

^ 

w 

<X 

1400 

^H 

no 

8x4 

3" 

300  lbs. 

500  lbs. 

250  lbs. 

8 

&Vo 

2600 

5-7    3'2" 

4'  1" 

2'6" 

300 

1.500 

n 

12x5 

4" 

1500  lbs. 

1       ton 

1000  lbs. 

8 

81/, 

1800 

10-12  3'6" 

5'  1" 

2' 6" 

325 

1900 

2000 

1 

14xC 

4" 

1  ton 

Hi  tons 

1500  lbs. 

16 

iov<; 

1600 

20-22  4'8" 

.VIO" 

3'3" 

575 

3650 

4000 

2 

18x6 

4" 

1-2  tons 

2>2  tons 

2500  lbs. 

16 

121/, 

1600 

25-30  4'8" 

6'  3" 

3'3" 

575 

4200 

4500 

2xx 

24x6 

4" 

2-3  tons 

4       tons 

2  tons 

20 

15 

1600 

30-35  4'8" 

7' 

3'3" 

575 

500U 

5600 

3 

18x8 

5" 

4-5  tons 

6      tons 

4  tons 

20 

15 

1000 

40-45  6' 

6'10" 

4'2" 

1030 

7500 

8000 

WRITE  FOR  COMPLETE  FERTILIZER  C.\TALOG  No.  35 

CHIP  SHREDDERS 
For  Turpentine,  Alcohol,  Extract  Plants  and  Pulp  Mills 

The  ease  with  which  this  machine  is 
opened  for  repairs  or  inspection  is  notice- 
able. The  cover  is  split  vertically  in  the 
center  and  held  with  ^'hinged"  bolts,  the 
back,  or  movable  half  of  cover  is  attached 
to  an  actuating  mechanism  which  raises 
and  moves  this  back  half  of  cover.  One 
man  moves  a  lever  and  the  cover  slides 
backirards  with  ease. 

When  wishing  to  open  machine  one 
man  loosens  4  nuts  on  hinged  bolts, 
swings  bolts  clear  of  cover,  takes  hold  of 
lever  and  slides  cover  backwards  and  out 
of  his  ivay,  the  work  of  Jive  minutes. 

The  operator  can  then  inspect  or  remove  hammers,  cages,  discs,  or  any  other 
internal  part. 

This  is  an  innovation  found  on  no  other  similar  machine  and  is  another  point  of 
"accessibility"  so  prominent  in  the  Williams  shredders. 

The  log  wood,  stumps  or  offal  from  Southern  saw  mills  is  first  put  through  a 
Hog  or  Chipper,  and  reduced  to  about  the  size  of  an  ordinary  hand,  it  is  then 
passed  to  a  Williams  shredder  where  it  is  reduced  to  njine  uniform .  product,  easily 
handled  and  in  excellent  shape  for  the  extraction  of  Turpentine,  Rosin,  Chips  for 
Pulp  and  Extract. 

SO 


Crushing  and  Grinding  Machinery 


WILLIAMS  PATENT  CRUSHER  AND 
PULVERIZER  CO. 


Specifications  Chip  Shredders 


No. 
of 
Mill 

Hopper 
Open- 
ing 

Size 

CaparitA 

per 

Piillev 

Speed 

Horse 

Extreme 

Wght 

W'ght 

of 
Feed 

HourT 

JUS 

Inches 

Power 

Dimensions 

Gross 

Net 

%" 

M" 

Va' 

Dia. 

Face 

R.P.M. 

L'gh 

Width 

H'ght 

P'nds 

P'nds 

0 

12"x  5' 

h 

y? 

Vt 

8' 

8H" 

2000 

10 

3'6' 

5'  V 

2'  6" 

2000 

1800 

1 

14  "x  5" 

2 

1 

H 

Hi" 

10  H" 

1200 

18 

4'8" 

5'10" 

3'  2" 

4200 

3800 

2 

18"x  6" 

3 

2 

1 

16" 

12  H" 

1200 

22 

4'8' 

6'  3" 

3'  2" 

4800 

4200 

2xx 

24  "x  0' 

4 

3 

m 

20" 

15     " 

1200 

30 

4'8" 

7' 

3'  2" 

5500 

5000 

3 

lS"xl2' 

5 

4 

2Vo 

20" 

15     " 

1000 

40 

6' 

6' 10" 

3'11' 

8000 

7500 

4 

24"xl2' 

Whole 

7 

0 

4 

20" 

20     ' 

1000 

60 

6' 

8' 

4'  2" 

9500 

9000 

5 

3()"xl2" 

Chips 

10 

8 

() 

20" 

oo       " 

1000 

75 

6' 

8'  6" 

4'  2" 

10500 

10000 

6 

3r)'xl2" 

12 

10 

8 

20" 

24      " 

1000 

85 

6' 

9' 

4'  2" 

1 1000 

10500 

7 

40"xl2' 

It) 

15 

10 

20" 

24      " 

1000 

100 

6' 

9'  6" 

4'  2" 

12000 

11500 

8 

48"xl2" 

19 

17 

12 

22" 

24      " 

1000 

120 

6' 

10' 

4'  2" 

14000 

13000 

9 

54"xl2" 

22 

20 

15 

22" 

26      " 

1000 

140 

6' 

11' 

4'  2" 

15000 

14000 

10 

60"xl2" 

24 

22 

18 

22" 

30     " 

1000 

165 

6' 

12' 

4'  2"!  17000 

16000 

These   Capacities   vary   with   Condition   of   Chips,   also   Operating   Conditions — Likewise 
Variation  in  Horse  Power. 

WRITE  FOR  SHREDDER  CATALOG  No.  38 
CRUSHERS  AND  GRINDERS  FOR  GENERAL  WORK 

Limestone,   Shale,   Clay,    Coal,    Gypsum,   Lime,   Oil  Cake,   Bone,   Tankage, 
Oyster  and  Clam  Shells,  Guano,  Phosphate  Rock,  Fish  Scrap,  Marl,  Natural 
Cement,  Fire  Clay,   Calcined  Clays,   Tobacco    Stems,    Ochres,    Kaolin,    Corn 
Cobs,  Peat,  Barytes,  Mica,    Sugar,  Salt,    Stick-Lac,  Stucco,  Feed  of  all  kinds 
Chemicals  of  all  kinds,  and  many  other  materials. 


Specifications  Oil  Cake  Grinders 


Hopp'r 
Ope'ng 

Size 
Feed 

Capacity  Tons  Per  Hour 

Size 
Pulley 

Sp'd 

R.P. 
M. 

Horse 
Power 

Extreme 
Dimensions 

Wght 

Size 
Mill 

Inches 

Using 
Break- 
er 

Nut 

Pea 

Fine 
Meal 

Nut, 
Pea& 
Meal 

Dia. 

Face 

L'gth 

W'th 

H'ght 

P'nds 

00 

0 

1 

2 

2xx 

3 

4 

5 

8x4 
12x5 
15x6 
18.x6 
24x6 
18x8 
24x8 
30x8 

O 

1 

lJ^-2 
2Ji-3 
3-  4 
5-  6 
8-10 
10-12 
12-15 

K 

1-1^ 
lJ^-2 
21^-3 
3-  5 
6-  8 
8-10 
10-12 

1 

2 
3 
5 
6 

8 

M 

1 

l^^-2 
2M-3 
3-  5 
6-  8 
8-10 
10-12 

8" 
8" 
16 
16 
20" 
20" 
20" 
20" 

6J4" 
8^" 

101$ 

12>$ 

15" 

15" 

18" 

20" 

2000 
1800 
1600 
1600 
1600 
1000 
1000 
1000 

4-  6 
8-10 
15-  18 
20-  25 
30-  35 
40-  60 
70-  80 
80-100 

3'6" 
3'6" 

4'8" 

4'8" 

4'8" 

6' 

6' 

6' 

4'1" 

5'1" 

5' 10" 

6'3" 

7' 

6'10" 

8' 

8'6" 

2'6" 
2'6" 
3'2" 
3'2" 
3'2" 
4'2" 
4'2" 
4'2" 

1400 
2000 
3650 
4500 
5300 
8000 
9.500 
12000 

Larger  Sizes  Built  to  Order. 

WRITE  FOR  OIL  CAKE  CATALOG  No.  39 


WRITE  FOR  CLAY  CATALOG  No.  40 


Mention  material  you  wish  to  crush  or  grind  and  we  shall  see  that  you 
receive  the  proper  catalog. 
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Klectric   Cranes 


THE  ALLIANCE  MACHINE  CO. 


Nfw  York 
FittsbiUKh 


ALLIANCES,  OHIO 


Cliicaso 
JiiiininKham 


ENGINEERS  AND  BUILDERS  OF  ELECTRIC  TRAVELING  CRANES  AND 
MACHINES  OF  ALL  TYPES  FOR  ALL  PURPOSES;  I-BEAM  HOISTS; 
ORE  BRIDGES;  ROLLING  MILL  AND  HYDRAULIC  MACHINERY, 
RIVETERS,  STEAM  HAMMERS,  HEAVY  PUNCHES  AND  SHEARS;  COKE 
PLANT  MACHINERY,  SCALE  CARS  AND  CHARGING  LARRIES;  COP- 
PER CONVERTING  MACHINERY. 


ELECTRIC  TRAVELING  CRANES  AND  MACHINES 

Tlio.se  succesf^ful  concerns  whose  names  are  known  everywhere  in  tlic 
mechanical  and  business  world  are  using  the  following  types  of  cranes  and 
machines  designed  and  built  by  us: 

Electric  Traveling  Ladle  Cranes 

Electric  Traveling  Soaking  Pit  Cranes 

Electric  Traveling  Stripper  Cranes 

Electric  Traveling  Bucket  Cranes 

Electric  Traveling  Charging  Machines 

Electric  Traveling  Gantry  Cranes  and  Ore  Bridges 

Electric  Traveling  Coke  Pushers 

Electric  Traveling  Coke  Levelers 


The  accompanying  cut  shows  a 
200-ton  Electric  Traveling  Crane 
designed  and  built  by  us  for  the 
Carnegie  Steel  Co.'s  Homestead 
Works,  for  the  Open  Hearth  and 
Armor  Plate  Department.  This 
crane  is  probably  the  largest  single 


trolley  electric  traveling  crane 
in  service  and  is  illustrated 
here  to  show  the  capacity  of 
our  works  for  producing  large 
machinery.  We  make  a  special- 
ty of  cranes  for  steel  works  and 
heavy  industrial   service. 


82 


Electric   Cranes 


NORTHERN   ENGINEERING   WORKS 

DETROIT,   MICH. 

ELECTRIC  TRAVELING  CRANES,  ELECTRIC  HOISTS,  ELECTRIC  AND 
HAND  CRANES  OF  ALL  TYPES,  COAL  HANDLING  AND  HOISTING 
MACHINERY,  FOUNDRY  EQUIPMENT. 

ELECTRIC  TRAVELING   CRANES 


Standard  Type  E  Northern  Crane 

\\  ('  make  a  specialty  of  Electric  Traveling  Cranes  of  from  1  to  150  tons  capac- 
ity, for  either  direct  or  alternating;  current.  The  Type  E  Trolley  is  our  Standard 
Trolley.  We  al.-^o  make  Mill  Crane  Troll('\-.s  and  Cranes  to  conform  to  the  mill 
crane  specifications  of  various  steel  mills. 

Northern  Cranes  have  many  exclusive  features  in  the  line  of  safety  attachments 
and  for  that  reason  are  of  interest  to  safety  engineers  and  to  those  firms  who  have 
studied  the  problem  of  reducing  accidents  to  the  minimum. 

Our  Stantiard  Type  E  enclosed  construction  has  many  advantages  from  the 
operating  side.  The  strong  construction,  durability  of  working  jiarts,  bath 
lubrication,  and  accessibility  and  simi)licity  are  all  features  regularly  furnished. 
For  protection  to  employees,  Type  E  Crane  has  all  gears  enclosed,  no  gears  over- 
himg,  all  bearings  capped,  safety  limit  stops,  footwalk,  and  other  modern  features. 


Electric  Traveling  Bucket  Crane 


Special  Bucket  Crane 


Special  Mono-Rail  Hoist 


In  addition  to  Electric  Traveling  Cranes,  which  form  tiie  greater  portion  of  out- 
output,  we  build  Hand  Traveling  and  Locomotive  Cranes,  Jib  Cranes  ami 
(iantries,  and  design  special  cranes  for  all  j)urposes.  Coal-Handling  Cranes  and 
Mono-Rail  equij)ment  for  hoisting  and  conveying.  Also  Portable  Electric  Hoists 
and  a  line  of  Foundry  Equipment  such  as  Cupolas,  Ladles  and  Elevators,  Trucks 
and  Turntables. 
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Hoisting  Machinery 


THE  BROWN  HOISTING  MACHINERY 

COMPANY 

CLEVELAND,   OHIO 

New  York:  50  Church  St.  Pittsburgh:  Oliver  Bldg. 

Chicago:  Commercial  National  Bank  Bldg.         San  Francisco:  Monadnock  Bldg. 
Colby  Engineering  Co.:  Portland,  Ore. 

Manufacturers  of 

BROWNHOIST  EQUIPMENT 


COAL  AND  ORE  HANDLING  MACHINERY— Bridge  tramways,  fast  plants, 
cantilever  cranes,  gantry  cranes,  furnace  hoists,  larries,  transfer  cars,  bins, 
car  tipples,  and  pig  iron  breakers.  These  machines  are  designed  for  the 
rapid  handling  of  material  and  a  long  service.  They  are  installed  in  many 
parts  of  the  world. 

LOCOMOTIVE  CRANES— Eight  and  four-wheel  and  for  any  gauge  track; 
speediest  locomotive  crane  built;  equipped  with  M.  C.  B.  couplers,  standard 
trucks  and  fittings,  steam  brake,  all  steel  gears;  can  be  fitted  with  either  a 
bottom-block,  any  kind  of  bucket,  shovel  attachment,  magnet  or  piledriver, 
all  interchangeable  in  a  short  time;  easily  operated;  fitted  with  steam  or 
electric  power  or  with  an  internal  combustion  engine. 

BUCKETS — Grab  buckets,  two  and  single  rope;  drag  line  buckets;  contractors' 
clam  shell  buckets;  slag  buckets,  and  tubs.  The  designs  of  the.ie  buckets 
are  such  that  they  get  a  full  load  each  time  and  are  under  the  control  of  the 
operator  at  all  times.  The  best  of  material  is  used  throughout,  giving 
strength  and  durability  to  the  spades,  bearings,  and  digging  edges. 

TRAMRAIL  SYSTEMS  —  These  systems  handle  all  the  material  overhead, 
reaching  every  Hour  in  each  building  and  as  much  yard  space  a?  desired. 
We  install  the  systems  complete  u:  ing  the  well-known  Brownhoist  trolleys, 
which  are  recognized  as  the  standard  trolleys.  Operated  by  electric  or  other 
power. 

ELECTRIC  HOISTS— DC  and  AC.  Designed  especially  for  a  hard  service  at 
maximum  rated  capacity,  and  for  safety.  The  load  is  suspended  entirely 
from  steel  parts.  All  gears  are  enclosed  in  a  cast  iron  casing  which  contains 
a  large  supply  of  oil.    These  hoists  are  made  in  various  capacities. 

FREIGHT  HANDLING  EQUIPMENT.  This  includes  several  different  ma- 
chines designed  for  handling  the  freight  at  a  much  reduced  cost  over  the 
present  methods.  The  freight  is  handled  overhead  from  car  to  sorting  plat- 
form, warehouse,  wagon  or  other  cars.  It  requires  just  a  few  men,  eliminates 
confusion  and  costly  mistakes,  and  increases  the  terminal  capacity. 

FERROINCLAVE.  A  patented  corrugated  sheet  steel  used  as  a  reinforcement 
for  concrete.  It  requires  no  forms  during  erection,  and  is  easily  laid  by  the 
workmen.  It  is  used  for  concrete  roofs,  floors,  bins,  walls,  partitions,  silos, 
bridges,  stairs,  etc. 

We  also  make  overhead  travelling  cranes,  work-car  cranes,  jib  cranes,  pillar 
cranes,  bridge  cranes,  cableways,  crabs,  winches,  transfer  tables  and  water- 
closet  shields. 

Catalogs  and  prices  furnished  on  request 
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Hoisting  Entities  and  Derricks 


CLYDE   IRON  WORKS 

29th  Avenue,  West,  and  Michigan  St.,       DULUTH,   MINN. 

HOISTING  ENGINES,  DERRICKS  AND  DERRICK  FITTINGS,  ELECTRIC 
HOISTS,  BELT  DRIVEN  HOISTS,  AUTOMATIC  BUCKETS 


HOISTING  ENGINES  AND  BOILERS  OF  CLYDE-GRADE 

Our  product  is  used  for  ;dl  kinds  of  Contractor's  work,  Dredging,  Pile  Driving, 
Railroad  and  Bridge  Building,  Quarries  and  general  hoisting  purposes.  We  also 
make  a  specialty  of  engines  for  skidding  and  loading  logs,  and  for  general  logging 
operations. 

All  our  engines  are  thoroughly  tested  under  steam  as  well  as  by  the  usual 
hydrostatic  test.  All  parts  are  made  from  standard  jigs  and  templates  and  are 
absolutely  interchangeable. 

ONE,  TWO,  THREE,  AND  FOUR  DRUM  HOISTING  ENGINES 

In  our  235  page  catalog  we  illustrate  the  2099  types  and  sizes  of  our  standard 
engines  with  single  or  multiple  drums,  and  single  or  double  cylinders.  These 
hoisting  engines  are  regularly  built  with  or  without  boiler,  winch  and  sheave 
heads,  and  reversing  gear.  Clyde  hoists  of  7  x  10  and  larger  are  built  with  all- 
steel  gears. 

DERRICKS  AND  DERRICK  FITTINGS 

In  this  large  catalog  we  also  illustrate  and  list  a  complete  line  of  timber 
derricks  and  fittings.  All  usual  conditions  can  be  met  with  some  one  of  our 
standard  styles,  but  we  are  prepared  to  build  derricks  for  any  special  con- 
ditions that  may  arise.  For  this  purpose  we  maintain  a  force  of  draftsmen 
and  engineers  who  are  specialists  in  this  line,  and  their  experience  of  many 
years  is  at  the  disposal  of  our  customers. 

Clyde  Derricks  are  designed  with  great  care  to  withstand  violent  strains. 
Every  possible  point  of  weakness,  both  in  the  fittings  and  in  their  action  on  the 
timbers,  has  been  guarded  against  and  we  claim  our  fittings  to  be  the  strongest 
on  the  market  for  the  size  of  timbers  for  which  they  are  intended. 

Following  is  a  partial  list  of  our  standard  styles  of  derricks: 

Standard  Guy  Derricks  Hand  Power  Stiff  Leg  Derricks 

Half  Hand  Power  Guy  Derricks  Clam  Shell  Stiff  Leg  Derricks 

Hand  Power  Guy  Derricks  Full  Circle  Stiff  Leg  Derrick.s 

Clam  Shell  Guy  Derricks  Self-Propelling  Derrick  Cars 

Standard  Stiff  Leg  Derricks  Self-Contained  Portable  Derricks 
Half  Hand  Power  Stiff  Leg  Derricks 

^^'e  also  manufacture  a  complete  line  of  logging  machinery,  of  excavating 
machinery,  and  of  land-clearing  maeliinery. 
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Industrial  Railway  Equipment 


C.    W.    HUNT   COMPANY,   INC. 

WEST   NEW  BRIGHTON,   STATEN   ISLAND,  NEW  YORK 

New  York  City  Office:  45  Bnjadway 


COAL  AND  ASH  HANDLING  MACHINERY,  PIVOTED  BUCKET  CON- 
VEYORS, HOISTING  AND  CONVEYING  MACHINERY,  CABLE  AND  AUTO- 
MATIC RAILWAYS,  STEEPLE  TOWERS,  SKIP  HOISTS,  INDUSTRIAL 
RAILWAY  EQUIPMENTS,  ELECTRIC  LOCOMOTIVES,  MOTOR  CARS, 
TRANSMISSION  AND  HOISTING  ROPE,  SPECIAL  SCALES  AND  WEIGH- 
ING HOPPERS,  COAL  CRACKERS. 


Single  Door  Charging  Car  Industrial  Railway  in  a  Foundry 

INDUSTRIAL   RAILWAYS   AND    CARS 

The  boiler  room  car.s  for  bringing  coal  to  boilers  are  so  designed  that  the  labor 
of  firing  is  reduced  to  a  minimum,  and  the  boiler  room  is  kept  clean.  We  design 
all  types  of  cars  for  use  in  foundries,  machine  shops  and  all  kinds  of  manufacturing 
plants.  The  ui;e  of  outside  flanged  wlieels  permits  one  man  to  push  a  one  ton 
load  on  a  sharj)  curve.    Ask  for  catalog  on  "Industrial  Railways." 


PIVOTED   BUCKET 
CONVEYORS 

consist  of  a  series  of  inde- 
pendent swinging  buckets 
free  to  dump  in  either  direc- 
tion. Conveyors  can  run  in 
any  direction,  the  buckets 
hanging  in  an  upright  posi- 
tion, therefore  dry  or  liquid 
material  can  be  handled.  The 
peculiar  system  of  driving  by 
stress.    Ask  for  catalog  12-9  on 


a  pawl   r 
Convevor 


elieves   the   convevor  wheels  of  all 
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Hoisting  and  Conveying  Machinery 


C.   W.    HUNT  COMPANY,   INC. 

WEST  NEW  BRIGHTON,  NEW  YORK 


HUNT   STEEPLE   TOWERS 

arc  dosigned  to  be  operated  by  one  cn- 
giueor.  One  engine  is  required  for 
lioisting  the  steam  shovel  antl  another 
for  running  the  trolley  on  the  booms, 
(ireat  speed  makes  these  outfits  es- 
pecially suited  to  rapid  unloading  of 
vessels.  The  projecting  booms  are 
usually  hinged  to  swing  horizontally 
over  the  wharf.  Where  obstructions 
such  as  the  rigging  of  vessels  intcrfcn-e, 
the  booms  can  fold  up  in  a  vertical 
plane.  Capacity  of  buckets  ranges 
from  \  to  2 ;  tons. 


HUNT  TRANSPORTING  BRIDGES 

are  adapted  to  the  storage  and  re- 
claiming of  coal  over  large  areas.  T\\c 
one  shown  has  a  four-drum  equalizing 
engine  and  operates  with  grab  buckets 
at  a  capacity  of  120  tons  per  hour. 
Furnished  in  capacities  up  to  600  tons 
per  hour. 


INCLINED  BOOM  HOISTING 
ELEVATORS 

are  for  rapid  and  economical  hoisting 
of  materials  from  vessels.  The  bucket, 
whether  large  or  small,  is  carried  from 
the  hold  of  the  vessel  to  the  dumping 
place  every  trip  in  exactly  the  same 
course,  and  at  any  rapidity  demanded. 
The  bucket  is  carried  exactly  where 
wanted,  rising  vertically  from  the  hold 
to  the  boom,  running  up  the  boom, 
and  dumping  at  a  fixed  place. 

These  elevators  are  proportioned  to 
suit  the  work  and  for  use  either  with 
tubs  or  grab  buckets.  The  lighter  size 
is  especially  adapted  for  coal  or  ore 
hoisting,  using  any  size  bucket  up  to 
one-ton  capacity. 


HUNT  MOTOR  CARS 

Self-Dumping 
made  in  many  types,  capacities  up  to 
10  tons,  and  are  equipped  with  motors 
and  overhead  trolleys  or  shoes  for  third 
rail  as  desired.  Suitable  for  transport- 
ing coal,  fertilizer  materials,  ores,  and 
other  bulk  materials. 


Catalogs  on  request. 


Hunt  Motor  Cars 

Self-Dumping 
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Aerial   Tramways 


AMERICAN  STEEL  &  WIRE  COMPANY 

rhicafio.    New  York.    Woroostpr.    Cleveland.    Pittshur-h.    Denver.        U.  S.  Sled  Produets  Co.. 
San  Francisco,  Los  Angeles.  Portland,  Seattle;  Export  Representatives,  30  Church  St.,  New  York. 

MAKERS  OF  THE  AMERICAN  AERIAL  TRAMWAYS,  BLEICHERT  SYSTEM 

(.Succeeding  the  Trenton  Iron  Co.) 

USING  AMERICAN  WIRE  ROPE 


The  Bleichert  System  of  Aerial  Tramways  is  one  wliereby  the  material 
is  carried  in  receptacles  suspended  from  carriages  running  on  stationary 
overhead  cables  in  a  continuous  circuit,  the  loaded  carriers  along  one  cable 
and  the  empties  returning  along  a  lighter  cable  parallel  with  this,  motion 
being  imparted  by  means  of  a  light  endless  traction  rope  to  which  the  car- 
riers are  gripped. 

No  matter  what  the  contour  of  the  ground  a  Bleichert  tramway  will 
take  the  material  in  a  bee  line  from  where  it  is  produced  to  where  it  is  to 
be  delivered  without  rehandling  at  a  cost  of  2  cents  to  5  cents  per  ton  a  mile. 

Angles  may  be  made  wherever 
it  is  necessary  to  change  the  di- 
rection of  the  line,  but  should  be 
avoided  wherever  possible  as  add- 
ing to  the  first  cost  of  the  line  and 
nearly  always  to  the  cost  of  oper- 
ating. 

Intermediate  loading  and  dis- 
charge stations  can  be  introduced 
at  suitable  locations  if  required, 
also  intermediate  brake  or  power 
stations  according  as  power  is 
developed  or  required,  in  cases 
where  it  is  necessary  to  divide 
the  line  into  sections. 

No  ground  is  too  rugged  for  a 
bee  line  route;  no  grades  too  steep 
to  surmount;  no  rivers  or  valleys 
too  wide  to  cross;  no  grading, 
bridges  or  viaducts  are  required. 

Structures  are  required  to  sup- 
port the  cables.  These  may  be 
spaced  varying  distances  apart 
according  to  the  contour  of  the 
ground  and  structures  are  also 
required  for  applying  tension  to 
the  track  cables,  wherever  nec- 
essary in  the  longer  lines  to  main- 
tain their  proper  deflection.  The 
supports  may  be  of  wood  or  of  iron  as  preferred  and  are  ;^desigried  to  corre- 
spond with  the  service  and  special  condition  of  the  location. 


Fig.  1    Support  in  Bleichert  Tramway 


There  is  i)r: 


lly  IK)  limit  to  the  length  of  a  Bleichert  Tramway.  One 
line  carries  ore  a  distance  of  21 
miles.  The  loading  terminal  is 
11,600  ft.  above  the  discharge 
terminal  and  the  capacity  of  the 
line  is  40  tons  per  hour. 

Spans  occur  in  this  line  ex- 
ceeding half  a  mile  in  the  clear. 
Spans  over  1000  ft.  in  any  line 
are  not  unusual  but  the  spacing 
of  the  supports  under  ordinary 
conditions  will  average  200  to 
300  ft. 

The  track  cables  are  of  patented 
lockod-coil  construction  (Fig.  2) 


Fig.  2    Patent  Locked  Coil  Track  Cable 


Fig.  3    Patent  Coupling 
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Aerial  Tramways 


AMERICAN  STEEL  k  WIRE  COMPANY 

THE  BLEICHERT  SYSTEM  OF  AERIAL  TRAMWAYS 


Fig.  4  Carrier  with  Web- 
ber Patent  Compression 
Grip,  showing  patent  au- 
tomatic attacher 


Fig.  5  Carrier  with  Bleich- 
ert  Patent  Automatic 
Overhead  Grip 


Fig.  6  Carrier  with  Bleich- 
ert  Patent  Automatic 
Underhung  Grip 


the  smooth  surface  of  which  conduces  toward  a  very  uniform  wear,  which 
adds  to  the  life  of  the  cable  and  of  the  wheels  that  run  on  it. 

These  cables  are  made  of  a  select  grade  of  steel,  in  lengths  varying  from 
500  to  1500  ft.  which  are  joined  by  patented  steel  couplings  illustrated  in 

Fig-  3. 

The  grips  for  attaching  the  carriers  to  the  traction  rope  are  simple  in  con- 
struction, powerful,  strong  and  efficient. 

They  are  made  for  ropes  running  below  or  above  the  track  cables  accord- 
ing to  the  exigencies  of  the  case,  as  shown  in  the  cuts  above.  Fig.  4  repre- 
sents the  ordinary  form  of  carrier  with  underhung  grip  suspended  from  a 
terminal  rail,  in  the  act  of  being  mechanically  attached  to  the  traction 
rope.  Fig.  5,  a  carrier  with  the  Bleichert  patent  automatic  overhead 
grip;  and  Fig.  6  a  carrier  with  the  Bleichert  patent  automatic  underhung 
grip. 

In  the  latter  two  the  grips  form  an  integral  part  of  the  carriage  construc- 
tion and  operate  in  such  a  way  that  the  weight  of  the  carriers  in  any  case 
acts  as  the  gripping  force  in  closing  the  jaws  against  the  rope.  These  grips, 
therefore,  are  independent  of  any  nice  adjustment  of  the  jaws  and  auto- 
naatically  acconmiodate  themselves  to  irregularities  of  the  rope  which  is  a 
great  advantage  in  long  lines. 

An  overhead  grip  with  positive  operating  mechanism  is  also  made. 

Well  tried  devices  are  provided  for  attaching  and  detaching  the  grips 
automatically  at  the  terminals  and  other  stations  as  may  be  required. 

No  buttons,  lugs,  or  knots  of  any  kind  are  required  on  the  traction  rope. 
This  fact  adds  greatly  to  the  life  of  the  rope,  since  the  wear  is  distributed 
uniformly  over  the  entire  rope  and  not  confined  to  certain  spots. 

The  same  advantage  pertains  to  these  grips  as  compared  to  permanent 
connections  of  any  kind.  The  ability  to  strip  the  line  readily  of  its  carriers 
when  occasion  occurs  for  resplicing  the  traction  rope,  or  while  making  re- 
pairs is  of  itself  a  very  great  advantage. 

Receptacles  especially  designed  for  any  purpose  are  made  of  all  kinds  of 
materials.  Buckets  are  most  commonly  used  as  shown  in  the  illustration 
above,  and  these  may  be  self-dumping  if  desired. 

By  cars  especially  designed  to  hold  one  or  more  buckets,  the  material 
may  be  transferred  to  and  from  surface  tracks  at  the  stations  without 
rehandling. 

Scales  are  furnished,  if  desired,  specially  designed  for  weighing  the  loaded 
carriers,  or  counters  for  automatically  registering  the  number  transported. 
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Inclined  Elevators  and  Inclined  Railways 


OTIS  ELEVATOR  COMPANY 

Eleventh  Ave.  and  Twenty-Sixth  Street,   NEW  YORK,  N.  Y. 

Offices  in  all  Principal  Cities  of  the  World 

ENGINEERS,  MANUFACTURERS  AND  ERECTORS  OF  INCLINED 
ELEVATORS,  ESCALATORS,  INCLINE  RAILWAYS,  CARRIERS,  CON- 
VEYORS,  ETC.  

INCLINED   ELEVATORS 

The  quick  handling  of  heavy  volumes  of  merchandise  is  a  vital  problem  that 
confronts  every  transportation  company,  merchant  and  manfuacturer.  The 
Otis  Inclined  Elevator  meets  the  problem  of  rapid  interfioor  conveyance  as  it  is 
a  cnulinuous  motion  carrier  and  adapted  to  the  quick  movement  of  freight. 

There  is  no  time  or  power  lost  in  starts  and  stops  to  load  and  unload,  accidents 
are  unknown,  it  operates  in  either  direction,  saves  employees'  energy,  enables  one 
man  to  do  t  he  work  of  eight  or  ten,  and  acts  as  an  egress  and  ingress  while  at  rest. 

In  construction,  the  Otis  Inclined  Elevator  is  extremely  simple.  It  consists, 
])rimarily,  of  an  endless  steel  chain  or  platform  revolving  about  sprockets  at  each 
end,  which  are  driven  by  a  conveniently  located  motor.  In  operating,  the  flange 
or  lug  of  the  elevator  engages  with  the  trucks,  and  the  truck  and  load  together, 
with  the  man  if  desired,  are  transported  from  level  to  level,  quickly,  safely  and 
without  physical  effort. 
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Single  File  Inclined  Elevator 

Has  a  capacity  of  000  trucks  jx-r  hour.  Tho 
Duplex  is  a  douljlo  file  elevator,  otherwise 
similar  in  construction  to  this  type.  Other 
styles  of  Inclined  Elevators  built  on  this  prin- 
ciple are  the  Single  Chain,  Stairway,  Platform, 
Dock,  Ramp,  Continuous  Dumb-Waiter  and 
Telescoping,  each  built  for  a  particular  purpose. 


Special  Inclined  Elevator 
Adapted  to  product  handling.  Instalird  in 
the  Hartford  Rubber  Works.  Hartford,  Conn 
Cores  weigh  300  to  450  lbs.  eacli.  Roll  olT 
automatically  at  top.  Operated  by  a  .5  II.  P. 
electric  motor  at  speed  of  30  ft.  per  minute. 
This  jiarticular  type  would  be  suitable  for 
handling  coils  of  wire  or  similar  material. 


The  Otis  Inclined  Elevator  is  particularly  adapted  to  the  varied  merchandise 
of  department  stores;  parcels  in  express  offices  and  railroad  stations;  freight  to 
and  from  vessels  and  docks;  bags,  bales,  boxes  and  jxickages  in  stores  and  ware- 
houses; transfer  of  finished  parts,  or  merchandise  in  process  of  manufacture  in 
mills  and  factories.     Catalogue  on  request. 

INCLINE  RAILWAYS 

Commercial  Inclines 

In  this  class  are  included  Incline  Hoisting 
outfits  u.sed  in  industrial  enterprises  for  v;irious 
purposes,  such  as  hoisting  cement,  stone,  ore  and 
coke  at  quarry  or  blast  fiu'nace — their  uses  are 
unlimited.  \Miere  the  incline  is  short  and  the 
loads  heavy  the  Drum  type  of  spur-geareil  ma- 
chine is  used.  The  rope  is  not  i)ermitted  to  over- 
wind on  the  drum.  W  here  the  distance  is  greater 
Skip  Hoist  at  Limestone  Plant         we  specify  the  Traction  type  of  hoisting  machine. 

Traffic   and  Tourist  Inclines 
The  Otis  Traffic  Incline  Railway  does  away  with  steep  grades  which  seriously 
handicap  the  walking  public  and  teaming  traffic.     Our  Tourist   or  Pas.senger 
Inclines  are  in  successful  and  ])rofitable  operation  at  the  well  known  resorts  of 
this  country  and  abroad.     Catalogue  on  request. 
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Escalators  and  Gravity   Conveyors 


OTIS  ELEVATOR  COMPANY 

ESCALATORS 

The  problem  of  intor-floor  travel,  wliere  it  is  necessary  U)  keej)  Ihousands  of 
people  moving  constantly  and  rapidly,  has  been  successfully  solved  by  tin; 
I'jscalntor,  due  to  its  continuity  of  motion  and  its  enormous  capacity — ajjproxi- 
matcly  1 1,()()()  peopk  can  be  carried  in  an  hour  without  overloading  the  machine. 

There  ar(!  two  types  of  Escalators,  known  as  the  Step  and  (-k-at  typ(>s.  The; 
Step  tyi)e  begins  as  a  moving  platform,  rising  slowly  into  a  perfect  staircase  as 
it  breaks  into  steps.  The  Cleat  tyjie  is  an  endless  moving  platform  formed  of 
hardwood  cleats  located  in  longitudinal  ridges  and  grooves. 


Cleat  Type 

The  step  treads  are  ncail.\-  horizontal — at  an 
angle  of  12 '2  degrees.  The  platform  revolving 
over  the  sproclvet  glides  through  tlic  prongs  of 
a  comb  at  the  lower  level  and  ,journc\  s  upward 
at  a  moderate  speed.  At  the  upiier  landing  it 
disappears  through  a  comb  and  revolving  over 
a  sprocket,  travels  downward.  The  passenger 
slides  off  upon  the  prongs  of  the  comb  at  toji 
without  jar  or  shock. 


Step  Type 
As  shown  above,  on  the  landing  the  treads 
are  flush — the  passenger  stepping  onto  them 
from  a  stationary  floor  plate.  Approaching  the 
i  nclino  a  step  formation  is  produced  and  on  tlie 
incline,  the  full  riser  development.  At  the 
upper  end,  the  reverse  action  takes  place  and 
the  steps  flatten  out  into  a  moving  platform 
again,  from  which  the  passenger  alights 
smoothly  to  the  stationary  floor. 

In  each  type,  on  either  side,  a  hand  rail  of  flexible  material  moves  upward  nt 
the  same  speed  as  the  tread ■;.  An  electric  motor  drives  the  mechanism  ruiming 
on  I'oiiers  on  an  inclined  plane,  which  supports  the  treads.  The  Escialator  can  bi^ 
\\vm\o  to  oi)erate  either  up  or  down  by  employing  a  reversing  switch.  The  Duplex 
Isscaialor  handles  traffic  in  both  up  and  down  directions  simultaneously,  two 
max'hines  being  used. 

Escalators  are  now  being  operated  in  large 
railway  terminals,  elevated  and  subway  stations 
of  the  l)ig  cities,  theatres,  department  stores,  and 
in  ku'ge  mills  and  factories. 

The  cut  shows  two  of  the  eight  Step  Type 
Escalators  installed  in  the  larg(\-it  worsted  mill 
in  (his  country.  The  eight  escialators  carry  0,500 
()p(>rators  between  the  2nd  and  Gt  h  floors,  moving 
noon  and  night.  Individual  trip  from  2nd  to 
Cilii  floor  consumes  two  minutes.  The  machines 
are  motor  driven  and  can  be  started,  stopped  and  reversed  at  will.  They  operate 
a.  total  of  one  hour  per  day,  low  motor  powers  being  used,  and  the  aimual  operat- 
ing costs  arc  very  small.  In  the  course  of  a  year  a  large  sum  of  money  is  saved 
through  the  conserved  energy  of  the  employees.     Catalogue  on  reijuest. 

GRAVITY   SPIRAL  CONVEYORS 

l'\)r  moving  speedily  and  safely  heavy  cases,  barrels, 
and  bulky  factory  products  from  an  upper  level  or  floor 
to  a  lower  k>vel.  Provided  with  chain  and  fusible  link 
doors  wliich  close  automatically  in  case  of  fire.  We  have 
installed  convej'ors  of  this  type  which  are  handling  the 
products  of  10  floors. 

Made  with  single  and  double  spirals,  with  or  without 
a  suiijxH'ting  core.  Closed  types  are  made  with  single, 
d;)uble  and  triple  spirals.     Booklet  on  reciuest.  Open  Spiral  Type 
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Electric    Trucks 


THE  ELWELL-PARKER  ELECTRIC  CO. 

CLEVELAND,  OHIO 

Lucian  C.  and  G.  W.  Brown,  General  Sales  Agents,  so  Church  Street,  New  York  City 

District  Sales  Agents 

F.  W.  Ward  Jos.  M.  Brown 

1401  Park  Bldg.,  Pittsburg,  Pa.  31  W.  Kinzie  Street,  Chicago,  III. 

MANUFACTURERS  OF  BUCKWALTER  ELECTRIC  TRUCKS 


ECONOMICAL  FREIGHT  HANDLING 

As  fairly  represent  at  ivc,  the  I'ollowiiifr  uvcnifie  results  have  been  e.xtracted 
from  records  obtained  during  one  month's  operation  of  two  out  of  a  number  of 
our  freight  car  trucks  owned  and  operated  by  one  of  the  leading  railroads  in  the 
United  States,  handling  miscellaneous  freight. 

Monthly  Totals 
Total  number  of:  Total  number  of: 

days  ojierated 26  tons  handled 5,850 

hours  operated 286  loads  carried 5,980 

miles  run 353.6  pieces  handled 170,000 

Daily  Averages 

Number  of  hours  in  service.  ..  .      11  Time  running  per  load,  sec 59 

Daily  mileage 13 . 6       Time  j^er  load,  min 2 


89 


Per  day  tonnage 225 

Per  hour  tonnage 20 

Number  of  loads 230 

Length  of  haul  in  feet 158 

Number  of  pieces  per  load 30 

Summary 
$.087     cost  per  ton  for  Labor 
.0039  cost  per  ton  for  Power 
.0033  cost  per  ton  for  Maintenance 
.0099  cost  per  ton  for  Interest,  Depreciation,  etc. 


Time  to  load,  sec 58 

Time  to  unload,  sec 60 

Number  of  men  in  gang 8 

Wages  per  man,  tonnage  basis 

Ampere  hour  charge 160 


2.40 


.1041  total  cost  per  ton  for  Freight  Handled. 
RAILROAD  FREIGHT  TRUCKS 

The  follnirinr/  iUuslralioiis  t;how  two  of  our  varidus  li/pcs  : 


Freight  Car  Truck 

General   Soecifications- 

Capacity 4,000   pounds 

Speed,  empty 7  to  8  INl.P.H. 

Speed,  loaded 5  to  6  IM.P.H. 

Weight,  with  lead  bat- 
tery     1,900   pounds 

Weight,     with     Edison 

battery 1,750  jiounds 

Length  over  body 7  feet 

General   Soecifications 

Capacitv 4,000   ])()unds 

Sjx'cd,  emi)tv 7  toSM.P.II. 

Speed,  loaded 4  to  5  M.P.H. 

Weight,  with  lead  bat- 
tery     1,900  pounds 

Weight,     with     Edison 

battery 1,600  iiounds 

Length  over  body 10  f  t .  2  in. 
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Warehouse  Truck 

-Freight  Car  Truck 

Height  floor  to  lower  j)lat- 

I'orm 10^4  in. 

Height  floor  to  upper  plat- 
form    3  ft.  91  2  in. 

Height  over  stakes 3  feet 

Widtli  over  body,   motor 

end 42  inches 

Width  over  body,  rear  end  36  inclit>s 

—Warehouse   Truck 

Height,     floor     to     ujiper 

l)latform 3  ft.  932  in- 

Height,     floor     to     lower 

l)!atform 1  ft.  4^4  in. 

Height  over  stakes 48  inches 

Widlhoverbody,motorend     3  ft.  2  in. 

\Mdth  over  body,  rear  end     3  ft.  1  in. 

Widtli  over  hubs 39  inches 


Rail  Joints 


THE  RAIL  JOINT  COMPANY 

GENERAL  OFFICES: 

185  MADISON  AVENUE,  -  NEW  YORK  CITY 

Catalog  at  Agencies 
Boston,  Mass.  Pittsburg,  Pa. 

Chicago,  111.  Portland,  Oregon 

Denver,  Colo.  St.  Louis,  Mo. 

Troy,  N.  Y. 


London,  E.  C,  Eng.         Montreal,  Can. 

MAKERS  OF  BASE-SUPPORTED  RAIL  JOINTS  FOR  STANDARD  AND   SPECIAL  RAIL 

SECTIONS,  ALSO  GIRDER,  STEP  OR  COMPROMISE,  FROG  AND  SWITCH, 

AND  INSULATED  RAIL  JOINTS,  PROTECTED  BY  PATENTS. 

Highest  Awards — Paris,  1900;  Buffalo,  I'JOl;  St.  Louis,  1904. 


Continuous  Joint 


Weber  Joint 


Wolhaupter  Joint 


Continuous  Insulated  Joint 


Over 
50,000 

miles 
in  use 


il/        Rulled 
from 
Best  Quality 
Steel 


Weber  Insulated  Joint 
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Pneumatic   Tubes,  Selective   Carriers 


THE  LAMSON  COMPANY 

BOSTON,  MASS.,  U.  S.  A. 

PNEUMATIC  TUBES— CASH,  PARCEL,  MESSAGE,  AND  MAIL  CARRIERS; 
AUTOMATIC,  SWEEP-OFF,  PICKUP  AND  SELECTIVE  CARRIERS;  BELT 
CONVEYORS,   TRAY   CONVEYORS,    SMALL    LIFTS,   ELEVATORS,  ETC. 


PNEUMATIC 
DESPATCH  TUBES 

Designed  and  installed 
for  all  Office,  Factory, 
Warehouse,  Postal  or 
Store  Service  require- 
ments. Vacuum,  Pres- 
sure, Vacuo-P  r  e  s  s  u  r  e , 
Unit,  "Two-way,"  Shift- 
ing Current  or  "Steam- 
jet"  tyijes  in  sizes  of 
tubes  ranging  from  2  \i  in. 
to  8  in.  diameter.  Latest 
Power-saving  inventions. 
Over  50,000  stations  of 
Lamson  Tubes  in  use. 

FOOT  POWER 
PNEUMATIC  TUBES 

No  power  plant  re- 
quired, operated  by  foot 
pressure.  Eflicient  for 
lines  up  to  200  feet  in 
length.  Speaking  tube 
atlachments  at  small 
additional  cost. 

Sizes  2)<i  and  3  inch 
O.  D 


SELECTIVE  CARRIERS 

Entirely  automatic  — 
pick  up  a  load  at  any 
point  and  deliver  it  at 
any  desired  station. 

Made  in  any  size  to 
meet  requirements — from 
carrying  single  sheets  of 
paper  to  heavy  bags  of 
mail. 


Desk  Station  4"  Mail  Tubes  in  Private  Office 


Carrying  Documents  Between  Buildings 


Automatic  Mail  Bag  Carriers 
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Automatic   Carriers,  Belt   Conveyors 


THE   LAMSON  COMPANY 


AUTOMATIC  SWEEP-OFF  AND 
DELIVERY  CARRIERS 

Con8t;intly  moving  B  a  s  k  e  t  s 
traveling  on  cii'cuit  lines  and  ar- 
ratigcnl  to  Sweep  off  Mail,  Docu- 
ments or  Parcels  from  ylielves  and 
dump  them  into  receiving  chutes 
at  required  Receiving  Stations. 
Made  in  Standard  sizes  as  used 
by  V.  S.  and  Foreign  Post  Offices, 
or  to  Specifications. 

LAMSON 
BELT  AND  TRAY  CONVEYORS 

All  sizes  for  all  conditions  of 
Mail,  Merchandise  or  Parcel  Car- 
rying. Special  Conveyor  Belts  to 
carry  Trays  arc  built  with  Arrest- 
ing Stations  by  which  a  constant 
supply  of  material  is  automatic- 
ally maintained  at  each  Station. 
Particular  attention  to  complete 
Belt  Conveyor  Systems  for  assem- 
bly of  "Send,"  "C.O.D."  and 
"Transfer"  Parcels  in  large  Depart- 
ment Stores. 


Lamson  Sweep-off  and  Dump  Carriers  for 
Post  Office  Work 


Store  Service  Belt  Conveyor  and  Chute 
Showing  Self-closing  Fire  Door 


PICK-UP  AND   DELIVERY   CARRIERS 

Constantly  moving  metal  "fingers"  that 
noiselessly  pick  up  documents  or  small  ar- 
ticles from  one  tray  or  station  and  deliver 
them  at  another  as  desired.  Made  in  stand- 
ard sizes  to  meet  special  requirements. 


SPECIAL  CONVEYORS 

Made  to  meet  any  demand  for  assembly 
and  distribution  of  Mail  or  Merchandise 
within  or  between  buildings. 

Plans  and  Estimates  Free. 


RcprcsrnUitms  in  (ill  Pruicipdl  Cilies. 


Will  pick  up  at  any  station  and 
deliTer  at  any  other  station 
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ALPHABETICAL  INDEX  TO  CONDENSED 
CATALOGUES  OF  MECHANICAL  EQUIPMENT 

PAGE 

Alliance  Machine  Co 82 

American  Pnlley  Co 42 

American  Steel  &  Wire  Co 88,  89 

Auburn  Ball  Bearing  Co 48 

Boston  Belting  Co 56 

Broderick  <&  Bascom  Kope  Co 63 

Brown  Co.,  A.  &  F 37 

Brown  Hoisting  Machinery  Co 84 

Caldwell  &  Son  Co..  II.  AV 67 

Clyde  Iron   Works 85 

Columbia  Steel  &  Shafting  Co 45 

Conveying  Weigher  Co 68 

Elwell-rarker  Electric  Co 02 

Falk    Co 38,  39 

Falls-Clutch  &  Machinery  Co 40 

Gifford-Wood    Co 60 

Goodrich  Co..  B.  F 57 

Graton  &  Knight  Manufacturing  Co 60 

Hess-Bright   Manufacturing   Co 40 

Hill  Clutch  Co 41 

Hunt  Co.,  Inc..  C.  W 86,  87 

Hyatt  Roller  Bearing  Co 52,  53 

.Jewell   Belting  Co 58,  50 

Lamson   Co 94.  O."* 

Leschen  &  Sons  Rope  Co.,  A 64 

Main  Belting  Co 61 

Metaline  Co 51 

Nordyke  &  Marmon  Co 74.  75 

Northern  Engineering  Works 83 

Otis  Elevator  Co 90,  91 

Rail  Joint  Co 03 

Reeves  I'uUe.v  Co 43 

Rhineland    Machine    Works    Co 50 

Iloebling  Son's  Co.,  John  A 65 

Rossendale-Reddaway  Belting  &  Hose  Co 62 

Royersford  Foundry  &  Machine  Co 54,  55 

Saginaw  Manufacturing  Co 44 

Spencer  Wire  Cf) 66 

Stei)hens-Adamson  Manufacturing  Co 76,  77 

Vxilcan  Iron  Works 73 

Weller  Manufacturing  Co 70,  71,  72 

Williams  Patent  Crusher  &  rulverizer  Co 78,  79,  80,  81 

Wpp(}§  Sons  Co.,  T.  B 46,  47 
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ALPHABETICAL   INDEX  TO   DISPLAY 
ADVERTISEMENTS   AND   DIRECTORY   CARDS 


Page 

Alberger  Pump  &  Condenser  Co. .  .   26 

Alliance  Machine  Co 14,  31 

Almy  Water  Tube  Boiler  Co 23 

Aluminum  Co.  of  America 35 

American  Balance  Valve  Co 26 

American  Engine  Co 17,  23 

American  Pulley  Co 34 

American   Steam   Gauge   &   Valve 

Mfg.  Co 26 

Arnold  Co.,  The IS 

Ashton  Valve  Co 26 

Auburn  Ball  Bearing  Co 36 

Babcock  &  Wilcox  Co 15,  23 

Baldwin.  Bert.  L.  «&;  Co 18 

BaU  Engine  Co 23 

Best,  W.  N 27 

Bristol  Co 1,  27 

Brown,  A.  &  F.  Co.,  The 13,  34 

Brown  Hoisting  Mchy.  Co 31 

Brown  Instrument  Co.,  The 17,  27 

Caldwell  &  Son  Co.,  H.  W 31 

Carborundum  Co 19 

Chapman  Valve  Mfg.  Co 27 

Chicago  Pneumatic  Tool  Co 33 

Clyde  Iron  Works 14,  31 

Crescent  Mfg.  Co 27 

Davidson  Co.,  M.  T 22 

Dean,  F.  W.,  Inc 18 

De  La  Vergne  Machine  Co 25 

Diamond  Power  Spec.  Co 27 

Dodge  Manufacturing  Co 34 

Eastern  Machinery  Co 31 

Electrical  Testing  Laboratories. ...  18 

Engineering  Schools  &  Colleges. ...  18 

Erie  City  Iron  Works 24 

Fafnir  Bearing  Co.,  The 36 

FaUs  Clutch  &  Mchy.  Co 14,  35 

Fellows  Gear  Shaper  Co 19 

Ford,  Bacon  &  Davis 18 

Garvin  Machine  Co 19 

General  Electric  Co 6,  33 

Goodrich  Co.,  B.  F 12,  31 

Goulds  Mfg.  Co 23 

Green  Engineering  Co 15,  28 


Page 

Greene,  Tweed  &  Co 28 

Harrisburg    Foundry    &    Machine 

Works 24 

Hartford  Special  Mchy.  Co.,  The. .   19 

Heald  Machine  Co 19 

Hill  Clutch  Co 35 

Holyoke  Machine  Co 23 

Homestead  Valve  Mfg.  Co 28 

Hooven,  Owens,  Rentschler  Co 8,  24 

Hughson  Steam  Specialty  Co 28 

IngersoU-Rand  Co.  ..  .4,  19,  21,  28,  33 

James  Mfg.  Co.,  D.  0 17,  35 

Jeffrey  Mfg.  Co 13,  32 

Jenkins  Bros 28 

Jolly,  J.  &  W.,  Inc 22 

Jones  &  Lamson  Machine  Co.  .2,  3,  20 

Keasbey  Co.,  Robt.  A 29 

Keeler  Co.,  E 15,  24 

King  Machine  Tool  Co 20 

Kingsford  Fdy.  &  Mch.  Wks..  .  .  15,  24 

Lammert  &  Mann 22 

Le  Blond  Machine  Tool  Co.,  R.  K.  20 

Lidgerwood  Mfg.  Co 32 

Link-Belt  Co 32 

Ludlow  Valve  Mfg.  Co 29 

Lunkenheimer  Co.,  The 9,  29 

Mackintosh,  Hemphill  &  Co 22 

Main,  Chas.  T 18 

Manning,  Maxwell  &  Moore 14,  20 

Manufacturing    Equip.    &    Engrg. 

Co 16,  20 

Mesta  Machine  Co 7,  24 

Mietz    Iron    Foundry   &    Machine 

Works,  August 25 

Morehead  Mfg.  Co 29 

Morgan  Engineering  Co 32 

Morris  Machine  Works 16,  22 

Mumford  Molding  Mch.  Co 21 

Murphy  Iron  Works 7,  29 

National  Meter  Co 8,  26 

New  Process  Gear  Corp 20 

New    York    University    School    of 
Applied  Science 18 
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Oneida  Steel  Pulley  Co. 


Page 
.  .   34 


Pickering  Governor  Co 29 

Polytechnic  Institute  of  Brooklyn.  18 

Power  Specialty  Co .  29 

Professional  Cards 18 


Rensselaer  Polytechnic  Institute..  18 

Roberts  Filter  Mfg.  Co.,  Inc 36 

Robins  Conveying  Belt  Co 32 

Rockwood  Mfg.  Co 35 

Roebling's  Sons  Co.,  John  A 13,  32 

Roots  Co.,  P  H.  &  F.  M 21 

Ruggles-Coles  Engineering  Co 21 

Scaife  &  Sons  Co.,  Wm.  B 30 

Schaeffer  &  Budenberg  Mfg.  Co.. 5,  30 

Schutte  &  Koerting  Co 30 

Shaw  Electric  Crane  Co 32 

Smith  Co,  H.  B.,  The 36 

Smith  Gas  Power  Co.,  The 26 

Sprague  Electric  Wks 11,  33 

Standard  Roller  Bearing  Co 16,  36 

Sturtevant  Co.,  B.  F 21 


Page 

Tagliabue  Mfg.  Co.,  C.J 30 

Te.xas  Co.,  The 30 

Toledo  Bridge  &  Crane  Co 32 


Union  Drawn  Steel  Co 36 

United    Engineering    &    Foundry 
Co 10,  22 


Vilter  Manufacturing  Co.,  The. ...  25 


Wagner  Electric  Mfg.  Co 34 

Warner  &  Swasey  Co 1,  20 

Webster  Mfg.  Co.,  The 33 

Weimer  Mch.  Works  Co 25 

Wells  Bros.  Co 20 

Weston  Elec.  Instrumf-nt  Co 9,  34 

Wheeler  Condenser  &  Engrg.  Co. .  .   30 

Wheeler  Mfg.  Co.,  C.  H 30 

Wheeling  Mold  &  Fdy.  Co 10,  22 

Wood's  Sons  Co.,  T.  B 35 

Yale  &  Towne  Mfg.  Co 11,  33 
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